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Moisture Meter for wood is ognized as the intern 
industry where wood p 


The TAG-Heppenstall 
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One of many thousands of National*Tank Co.’s 
Automatic Emulsion Treaters on which Taylor 
Self- Acting Temperature Controllers are stand- 
ard equipment. 


Y ANOTHER WAR BOND TODAY! 





Thousands of these 
“tough babies’’ are 


doing a man’s job! 


O doubt about it, these 

Taylor Self-Acting 
Temperature Controllers are 
tough babies. And Automa- 
tic Emulsion Treaters in the 
oil fields are typical of the 
many industrial processes to 
which their dependable per- 
formance, simple operation 
and economy are ideally 
adapted. 





Many thousands of these 
standard Taylor instruments 
are in service today throt- 
tling the fuel supply to these 
treaters, automatically main- 
taining the proper temper- 
ature for the most efficient removal of water from 
the oil-field emulsions with minimum loss of oil. This 
process, which has such an important bearing on the 
marketability of the crude, is handled to perfection by 
the Taylor Self-Acting Controller. It just doesn’t re- 
quire a more expensive, more complicated instrument. 





You can spend a lot more money than necessary on 
fancy controls (and we make them, too) for many 
jobs where very close control is not required. Typical 
jobs which the Taylor Self-Acting Temperature Con- 
trollers take in stride are: condenser cooler water in 
stills, oil field superheaters, wax coating machines, 
plating and rinsing tanks, bottle and can washers, mix- 
ing and cooling kettles, hot water tanks, diesel water 
jackets, feed water systems, etc. 


They require no auxiliary air supply for operation. 
Double seated valves are available in sizes up to 2”; 
single-seated composition disc types up to 1’’. Numer- 
ous standard temperature ranges within limits of 10° 
and 340° F, and semi-standard ranges within limits of 
165° and 610° F. 


Write for catalog 36-R. Taylor Instrument Companies, 
Rochester, N. Y., or Toronto, Canada. Instruments for 
indicating, recording, and controlling temperature, pres- 
sure, humidity, flow and liquid level. 
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INSTRUMENT SCALE GRADUATION 
A new photographic method of high accuracy mi 
By H. J. Christy e 

MINIMIZING GLASS-SURFACE REFLECTAN 
Notes on one convenient method and others 
By Lt.-Com. H. D. Seielstad 

WIND-TUNNEL INSTRUMENTATION 
Curtiss-Wright Corp.’s new wind tunnel 
By N. W. Burtt 

GROUNDED POTENTIOMETER INSTALLATI 
Multi-point recorders, high and low potentials 
By Raymond Jonnard 

COMPENSATING LEADS = 
Errors in Chromel-Alumel installations 
By Joseph Spacek 

METAL BELLOWS 


An outstanding war device 






* Jet propulsion promises 
































great things for aviation 





—today and tomorrow. Years eam 
of research and experimentation are behind HISTORIC BELLOWS ELEMENTS 
jet planes, which embody the latest An “exposition on paper™ 


By M. F. Behar 
. ‘ ELECTRIC GAGING METHODS $4 
Naturally, only materials with the demonstrated Indicating and detecting instruments (cont'd) agin 
By H. C. Roberts Which 


advancements in aircraft engines. 


ability to meet the rigorous demands of modern 


aircraft applications are used. We take pride in Aviation Instruments Department 
the fact that C.M.H. Stainless Steel Bellows, both FLOATING INSTRUMENT SHOPS. 
small and extra large, are being used in jet and a helicopter for speeding service to “customer 


By Capt. H. B. Gilstrap, ATSC 
SERGEANTS INVENT STARTER DEVICE 
PORTABLE BOMBSIGHT REPAIR SHOPS 


propulsion engines. For C.M.H. is making sure 
that its products are keeping pace with the 
changing needs of aviation . . . and other 
industries as well. Write the Chicago Metal Hose Shop Kink: Bezel-ring remover 
Corporation today for Form SS B 2 on which to By J. S. Bottimore 
submit your bellows requirements. It will save 
you time . . . assure more accurate transmittal of 


New Instruments Department 
' Indicators, recorders, meters, controllers, inspect 
essential data. devices, etc., for plant, field, aircraft and laborat 
INSTRUMENT SOCIETY NEWS 
MANUFACTURERS’ NEW LITERATURE 

OUTSTANDING FEATURES OF ADVERTISERS® INDEX 0..cccccccsesrnmeuen 
C.M.H. STAINLESS STEEL BELLOWS = 
Published Monthly on the 15th by 


@ Highly resistant to heat. THE INSTRUMENTS PUBLISHING COMPAN 


@ Corrosion resistance of 18-8 Austenitic Stainless Steel. 1117 Wolfendale Street, Pittsburgh 12, Pa. 
RICHARD RIMBACH Major M. F. BEHAI 













@ Pressure-tight for searching liquids and gases. 









Publisher Editor 
@ Have the strength for high-pressure service. FIELD REPRESENTATIVES 
@ Uni-metal assemblies . . . do away with the hazards of solder. MEMBER ,.J ames Condon, 36 Myrtle St., Boston 14, Mass. afayes 


pom 0829). R. K. Farnham, Room 617, 17 East 42nd St., ! 
York 17, N. Y. (Murray Hill 2-0821). Harold W. Hasketj 
Keith Bldg., Cincinnati 2, Ohio (Main 4260); Room 615, % 











N. Michigan Ave., Chicago 1, lll. (Andover 4299). james} 
t 1963) 


Wright, 915 Olive St.. St. Louis 1, Mo. (Chest 








, " Audit Bu- M. D. Pug’, Room 212, 541 S. Spring St., Los 

Flexible Metal Hose for Every Industrial Use = reau of Cir- (Tucker 7981). C. F. Goldcamp, 1117 Wolfendal: 

7 culations burgh 12 (Fairfax 0161); 859 Leader Bldg., Ci 
(Cherry 2261). 


Annual Subscription: U. S. $2.00. Copyright 1945 by The 
Publishing Company. Entered as second-class matter Januar 
at the post office at Pittsburgh under the Act of March 3, 187 
ee FER 2 g Subscribers: Note that while the WPB Paper Limitation Order is in [)°e— 
1. Send notices of changes of address before you move. a wil t “ 
to replace those not received by reason of moving. Two months’ 4 i 
CHICAGO METAL HOSE Corporation should be given to assure change of stencil in time. in 
“Rages = et a eo 2. Renew your subscription before it expires. If you do not rememb« he expe hs 
MAYWOOD, ILLINOIS tion date, look for it on the address stencil. Renewal notices will co ‘nue 0 oud 


sent before expirations, but only one notice Will be sent to each 
renewal must be received within fifteen days. - prox 
8. No single copies will be sold. Back copies can no longer be furn’> © . 
Plants: Maywood and Elgin, tll. 4. No new or renewal foreign subscriptions can be accepted. 
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licable to test and portable 
apparatus because of theit 
nal size.—Instrument Resis 
ity St., Little Falls, N. J. 


Gaging System with 
onic Ampiification 

il Model 130 Electronic Gage” 
eage stand assembly and an 
ontrol unit. Base of gage stand 
‘asting to which is clamped 


invil and polished steel column, on 
lides easting which supports Electric 
Head, 


and Limit 
tightly to 


Dial Indicator, 
head is clamped 


iging 


umn when measuring, is raised or lowered 
‘ range by a screw mechanism to 


ite position (final adjustment de- 
Three limit lights indicate 
above tolerance: green 
OK; red, oversize; amber. 
Magnification is secured by a 


f electronic tubes in an amplifying 


the Dial 
is secured 
other 
elec- 


output operates 
so that magnification 
of gears, rack or 
iechanical devices. Use of 
cuit is claimed to reduce inaccu- 
minimum. ‘“‘Model 130” has four 
tions, which allow readings from 
0.003”. When range 
set to greatest magnification (ap- 
ly 14,000), a 0.0002” movement 
head spindle produces full-scale 
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The Extra Value 
is in the Extra Life 


Yes, PERMOPIVOTS last lots longer. 
They multiply the accurate life of pre- 
cision instruments! It’s the precious 
metals (osmium alloy) tip that does it. 


PERMOPIVOTS, wear resistant... 
non-abrasive... non-corrosive... non- 
magnetic. PERMOPIVOTS: perfect! 


Write for Literature 


PF RMO INCORPORATED 
Manupacturing Wetallurgists 


6421 Ravenswood Ave., Chicago 26 


SION 


. 
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cite cuts - silts. Haines a a. 


OLDEST THERMOMETER MANUFACTURER 


* For CLOSE, ACCURATE and SCIENTIFIC 


control of your post war products the 
Philadelphia Visual-Stat Controls are Tops. 


They combine the features of a thermometer and an Electric 
Contact Control. They can be designed to operate and control 
all types of Industrial Equipment—Ovens—Dryers—Incubators— 


Retoris—Cookers—Sterilizers—W ashers—Pasteurizers, etc 


WRITE FOR INFORMATION 


THE PHILADELPHIA THERMOMETER COMPANY 
6th and Cayuga Streets, Philadelphia 40 


IN PHILADELPHIA. 
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IN ALL TYPES 
OF INDUSTRIES 
13 ae) 


PALMER 


PALMER “Red-Reading-Mercury” Thermometers are 
skilled hands of Master Craftsmen, who produce 


Creare re te 


- +uny uk EU 


created by the 
Instruments for 


Temperature Indication and Recording, that are dependably accu- 


rate... ALWAYS. 


Leaders in practically all Industrial Fields, without exception, use 
PALMER Thermometers in the products they make. Easier reading, 
lower maintenance and rugged construction make them a basic part 
of many of the world’s finest products. 


That is why engineers, all over the world, specify PALMER. Let us 
help you solve your Peacetime Temperature problems. 


(Write for Catalog) 


reading on dial indicator. Other 
produce full-scale readings with spindle 
movements of 0.0006”, 0.002” and 0.006” 
and corresponding magnifications of 4650, 
1400 and 465. Another control on the front 
panel, for zero adjustment, is used to set 
dial indicator accurately after gage head 
has been roughly positioned above work- 
piece by the screw adjustment. This final 
setting is accomplished electrically, instead 
of by a find physical positioning of the gage 
head, so that accurate settings of the gage 
may be readily made, even on the most 
sensitive range. The limit light controls 
make it possible to set the limit lights so 
that they will indicate any tolerance within 
range of instrument from + 0.0001” to — 
0.003”. Operation: In the gage head itself 
are two fixed coils and one movable coil. 
Movable coil is mounted on gage spindl 
and moves with it. Fixed coils are energized 
by a low-frequency oscillator, and so ar- 


settings 
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ranged that zero current is induced in the 
movable coil when it is electrically centered 
between them. As movable coil moves away 
from this electrical center towards either 
field coil, current induced in it increases in 
direct proportion to distance from electrical 
center. In this way distance values are 
transformed directly into electrical values. 
“Model 130” operates from a single-phase 
115-volt 60-cycle supply. Minimum power 
requirements is 70 watts. If dic. only is 
available, a converter with minimum output 
of 70 watts is required. Current in movable 
coil is fed to a voltage-dividing network, 
controlled by the range switch. No volt- 
age division takes place at the highest mag- 
nification of range switch. As range switch 
is moved to lower magnification, positions, 
voltage division increases proportionally. 
Output of voltage-dividing network is great- 
ly magnified by a stabilized amplifier. Am- 
plifier houses all of components of the 


electronic circuits, and o; 
are the controls used ir 
Gage. Specially-designed 
sate for line voltage variat 
in amplifier components 
equipped with staple com; 
well below their ratings 
long life and low-tempe: 
Amplified r-f. current is rect 
tor circuit which converts t 
pulsating direct current, w 
milliammeter. Deflection 
needle is proportional to 
spindle. Direct current from t 
a voltage in proportion to 
ment, actuates the grids of 
control tubes, and is also 
sorting or indicating auxili 
Detector circuit is also used ; 
criminator: Dial Indicator ha 
| crimination, and with an ord 
circuit any given reading cou! 
by two positions of gage spir 
nate this confusion a special 
| Saneeber sensitive to current 
| phase and completely insensiti 
| whose phase is displaced by 18 
| cator thus records movement 
|on the one side of electrical 
| Magnification for all ranges n 
| by switching to lowest magni 
using (as standards) gage b 
size difference is sufficient to p1 
scale deflection of Indicator. Fu! 
| Indicator reading may be mac: 
| size difference of blocks by adjusti 
| fication control (which is mad 
| removing snap button from sid« 
| fier). This control adjusts gain 
fier, which remains constant for 
of magnification. Total error in 
blocks used to set the lowest ma 
range will be a small percent 
full-scale on that range, and the 
error in amplifier gain will bé« 
| value. Gain being constant, err 
constant at all ranges, and a 1 
setting at low magnification wil 
| an error of 1% at highest magnifi 
!two millionths of an inch in a 


reading. Limit Controls on front of : 


filer panel adjust bias of control 


that they may be set to energize | 
proportions 


any specific grid voltage 
| spindle movement; and as these r¢ 
trol the limit lights, they may 
indicate any desired spindle : 
| Limit lights are set by placing 
| block under spindle and setting 
| justment control so that Dial 


| reads extreme minus value of toleran 
| upper limit when Dial Indicator read: 
Product 


Federal 


/ 


|treme plus tolerance. 


Corp., 1144 Eddy St., Providence /, 


Bridge, one of a series of units 
comparison of large quantities of 
having comparable values, is a 


ek 
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AGASTAT 


ELECTRO-PNEUMATIC RELAY 





A'G'A mew JERSEY 
GAS ACCUMULATOR oe. 





FOR DIVERSITY IN TIME DELAY APPLICATIONS 





.. 

(QQUIPMENT & SUPPLY CO. 
a 36 LIBERTY ST. NEW YoRK 6, N. Y 
produ 


a fu al 
of ampli 
tubes 4 ; 
relays f 


yrtional REG. U.S. PAT. OFF. 


electric SOLDERING IRONS 


ELIZABETH AGA NEWJERSEY 
AMERICAN GAS ACCUMULATOR COMPANY 


indicate 
erance ; and 
r reads e& 
il Product PATENTS 
1, RoI. AMERICA’S ' GRANTED, 
FINEST LINE 


Resisto OF LIGHTWEIGHT 


ge Limits 
3 rap 


>t si stor 


Oe REGULATED POWER SUPPLY 
. eo S| 
coldertug tt The. a 180-300 volts Type PS-2 

a | For a simple, efficient, economical power supply to replace messy, 
L £ CT RO N wr re A space-consuming, expensive batteries install a modern G-E Reg 
ci ulated Power Supply. Extremely useful where d-c power is re- 
RAD : @] AN D \ quired to operate electronic devices in research or industry 
Provides a stable d-c voltage regardless of moderately large or 
IN STR UME NT rapid changes in the a-c supply voltage. Other regulated power 


supplies available in various ranges. Write today: Electronics 
Department, General Electric, Syracuse, New York. 


manufacturing and 


repairing fields Electronic Measuring Instruments 


Easily solders hard-to-reach connections. Cuts 


down | gue, increases accuracy. Illustration GENERAL @ ELECTRIC 


Gbove about one-third actual size; weighs 9 164-D6 
ounces Order from your retailer or jobber. 


KELNOR MANUFACTURING COMPANY 
SENERAL OFFICES: CENTRAL TOWER, SAN FRANCISCO 3, CALIF. 
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Spencer Microscopes bring new precision 


to the drill press 


With miniature drills as small as .0065” 
in diameter, the operator produces Diesel 
engine inspection nozzles with openings 
barely visible to the naked eye, yet held 
to remarkably close tolerances 

To meet the need for such precise drill- 
ing, National Jet Company manufactures 
these small drills and is now supplying a 
precision drill press equipped with a 
Spencer Stereoscopic Microscope through 
which the operation can be observed. 


Hanuyacdurers of SPENCER = Clentific Instumetls | 





TIME SWITCHES 


TRIPLE POLE 
DOUBLE POLE 
SINGLE POLE 


All three types can be furnished with 
capacities ranging from 20 TO 200 
AMPERES PER POLE. 


* 
PROCESS TIMERS 


INTERVAL TIMERS, or PROCESS 
TIMERS, are furnished in two types. 
One is reset by hand (manual); other 
resets itself, automatically. Both types 
can be provided for practically any cycle 
of time, fully adjustable from zero to 
maximum period. SYNCHRONOUS, 
SELF-STARTING MOTORS. 


a 
SIGNAL TIMERS 


Used extensively for starting and stop- 
ping industrial work; school class 
periods; for municipal time signals, etc. 
Fully adjustable over 24-hour period in 
steps of five minutes. Sunday and Holiday 
Cutout and Manual Control. 


Write for Information 


AUTOMATIC ELECTRIC MFG. CO. 


MANKATO, MINNESOTA 
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To other manufacturers whose plans call 
for optical parts or complete instruments, 
we offer extensive research and manu- 
facturing facilities, plus many years of 
experience in building fine Spencer scien- 
tific instruments. 


American @ Optical 


COMPANY 


Scientific Instrument Division 
Buffalo 11, New York 











DEFENDER FITTS TYPE 








ADJUSTABLE 
CHRONOMETER VALVE 


The longest lived Valve made 
for Hot Water or Steam or any 
other Chemical or Fluids or Oils 


It can be hand operated or Motor oper- 
ated as illustrated and we have a com- 
plete line of both Low and medium and 
High pressure stats and also Tempera- 
ture. Float. Liquid level and Feed Water 
Regulator stats shown in our new Bul- 
letin No. E-3 and E-4. Write for same. 


Defender Instrument & Regulator Co. 


ST. LOUIS, MO. 














volume testing of resistar 



















2,000 pieces an _ hour- ‘wien u 
transformer primaries or s ries a 
stats, potentiometers, lar phe 


_r : : hunts 
multiplier resistors, ete. Ex Pri 


is attained through use of a 

ence standard. A combinat 
and automatic control swit 

characteristic; als> bindins 

side of unit for connection 
fixture where desired. Left 
posts are for connection of 1 
ard which can be supplied if 
81 Limits Bridge” is pb 
Overall adjustable range is f 
10,000 ohms, with adjusta 
sensitivity control, productior 
ture with automatic on-off 
tivity control range is f: 
























+10%. Indicator is a sensit 
galvanometer. Unit is self-cor 
ures 8” 8” &* 12”, weighs 18 






in attractive grey wrinkle f 
cabinet. On sloping panel 
ratio arm control, galvano 
posts and combination test fix 
































ated Research, Inc., 281 S. ¢ , imy 
Chicago 7, Illinois opt 
per 
ant 
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Torque Testers 
New torque testers are fo! 
rate determination of torque ar 
plications include checking torque 
measuring torque necessary t 








unscrew threaded parts, determining start 


ing torque of motors, testing elastic cou 
plings, etc. New instruments make it possi 
ble for unskilled workers to make torqug 





adjustments that otherwise would quire 
highly-developed sense of touch, lir 
only after years of experience. New 
Testers are made in a range of capacitie 
from 50 inch-ounces graduated in ‘4 ir 
ounces, to 1000 foot-pounds graduated in 
foot-pounds. To use, it is merely necessary 








to apply torque to the shaft and to read th 
resulting force directly on the dial. Shal 
ean be provided with pin, vise, adapters 


other fittings to suit the applicati 
Chatillon & Sons, 85 Cliff St., Nei 
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Snap Switch 

New “Junior” snap switch, rat FIE 
amperes - 110 velts a.c., is 01 ns 
ea | : 

sur 

sta 

mil 

cat 

O} 

in 

ov 















diameter and 31/32” long ove: 
complete in itself but can also be 
with special over-travel adapter 
cial mounting sockets, A pressu! 
is required to operate “Junior.” Ny 
switch can be furnished normall) 
mally-closed, two-circuits or sing 
















James Knights 
Crystals 
are Made with 











Since 19 
improv‘ 


perfect a 


and dependable performance. 






SANDWICH, 


| wae Sor 


Let Us Help You with Your Post-War Crystal Problems 
2, the men of The James Knights Company have consistently developed and 
quartz erystals by finding the one best way of carrying out every production 
operation. This determination to make every JK Crystal as 
possible is your assurance of the utmost in quality 


Our extensive experience with Crystals for every conceiv- 
able purpose is available in helping you work out the most 
effective crystal control applications. Let us know what your 
problem is and we will get to work on it. 


“I the JAMES KNIGHTS Co. 


ILLINOIS 
Sixty Miles Southwest of Chicago 











-# FIELD VACUUM 
THERMOCOUPLES 


Jor Accurate 
IGH FREQUENCY MEASUREMENTS 





FIELD thermocouples meet the most 
rigid specifications of prominent in- 
strument makers. 
The "Thoro-Weld" process used in 
FIELD 100% welded thermocouples 
insures utmost sturdiness. 
- All couples individually tested. 
Stable output over long time as- 
sured by special processing. 
Available in a wide variety of 
standard ranges beginning at 1.2 
milliamperes—or to your own specifi- 
cations. 
Just released . . . NEW DEVEL- 
OPMENT giving 25 millivolts output 
na vacuum couple. Available now— 


in ranges of 100 milliamperes and 
over, 


Write for informative bulletin. 
Attention Dept. 8 


IELD ELECTRICAL INSTRUMENT CO. 


109 EAST 184 ST., NEW YORK 53, N. Y. 












"Panhsiaht’ 


Precision / 














WHEATSTONE BRIDGE 





Rubicon Wheatstone and Kelvin Bridges 
are available in a number of types to suit 
various applications. All are made in 
accordance with the highest traditions of 
the instrument maker’s art and are fully 
guaranteed. 


Described in Bulletin 100 which also lists 
Rubicon Resistance Boxes and Shunts as 
well as NBS and Reichsanstalt Resistance 


Standards. 
Copies available on request. 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia 32, Pa. 


RS, 






‘S © 

< RESISTORS 
AND 
BALLASTS 


















Troubled by fluctuating line volt- 

age? Just include a Clarostat 
Automatic Line Voltage Regulator in 
your assembly—or as an accessory 
plugged in between connecting cord 
and outlet. At 110 volts the resistance 
is low. Voltage drop is negligible. 
But as line voltage increases, the 
resistance builds up so as to maintain 
uniform and safe voltage to your 
assembly. 


Clarostat also makes voltage-dropping 
resistors, such as for adapting 110-volt 
equipment to 220-volt power lines. 


* Submit that problem... 


If it has to do with resistors, controls or 


resistance devices, send it to us for engineering 
collaboration. 





CLAROSTAT MFG. CO., Inc. - 285-7 N. Gu» St., Brooklyn, Nv. ¥. 
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Bomb fuzes, tiny timing gears, 
hundreds of Tel-air parts tor 
arcraft mechanism manufac- 
tured for the war industry, at- 
test the exceptional reliability 
of Tel-air in severest service. 
Teleoptic Directional Signals 
for the highway are made to 
the same standard of accuracy 
and dependability 











RESISTORS 


A precision resistor designed 
especially for the require- 
ments of the laboratory and 
fine instrumentation. A new 
standard of stability in a 
range where instability has 
been prevalent. 


Supplied only in values from 
1 megohm to 1,000,000 meg- 
ohms. 


THE VICTOREEN INSTRUMENT CO. 
5806 HOUGH AVENUE 
CLEVELAND 3, OHIO 
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TEST YOUR 
MAGNETIC CIRCUITS 


RAWSON FLUXMETER 
TYPE 504 


The only portable fluxmeter available 
which returns rapidly to zero when a single 
button is depressed. Simple and fast in op- 
eration. Convenient and light in weight. 

Not limited to a single type of measure- 
ment. Has universal application for labora- 
torses or production. Measures strength of 
magnets and electromagnets, permeability 
and hysteresis loops for iron and steel, total 
flux lines in circuit, flux lines developed in 
air gap, etc. 

Has a mechanical clamp to protect the 
pivots and jewels when in transit. 


Low price $125 net 
FOB Cambridge, Mass. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


118 POTTER STREET, CAMBRIDGE 42, MASS. 
Representatives 


CHICAGO NEW YORK CITY 




















ble-throw. It is supplied wit! 
lockwasher—mounting thread 
Where it is screwed into an 
adapter thread of adapter is 
although other threads can 
where necessary. Load rating 
on tungsten filament test.—Ro 
ington & Son, Inc., Sharon Hill 


Vacuum-tube Frequency Mete 
New “Model 39-VTF” vacuu ye f 
quency meter is designed to pi le r 
imum degree of accuracy in me 
quencies located within certai: 


bands. A multivibrator circuit in 
tronic unit divides the incoming 
by 2, 3, 4, 6 or 9. The resulting 

is measured by a standard vibratir 
frequency meter, This combination wv 
sure frequencies in the 400, 800, 1: 
2400 and 3600 cycle bands with an 
of 0.25% or better independent of | 
age. Accuracy is said to be perma! 
built at the factory so that no sul 
ealibration or standardization is 
at any time. No initial stabilizatior 
is required, and no protection 
against accidental frequencies 
range being measured. Characte 
“Model 39-VTF, Series A”: (1) Fr 
Ranges: Basic range 380-420 cycl 
plier switch permits use in ranges 
4, 6, and 9 times the fundament 
(2) Accuracy of +0.25%, regar 
voltage, is easily obtained. Harn 
tent of unknown frequency must n 
10-15%. (3) Input sensitivity : 500 
(4) Voltage range: 100-350 volts. 
er consumption: Aproximately 2 
115 volts, 60 cycles. (6) Cat 
8”x10”«K8”. (7) Tubes: 2-6N7 1 
tors, 1-6N7 input, 1-635 buffer, 1-! 
fier, and 1-6X5 rectifier. It shoul 
that this instrument measures 

in six bands. Makers emphasize 
are not able to furnish an instru: 
will measure a range from 4' 
eycles in one continuous band 
441 Chanel St., N 


struments, Inc 
8, Conn 


Fluorescent-illuminati 
Magnifier 
New adaption of “Super Sight 
rescent lighting is magnifying len 
rescent light assembly mounted 
fectly balanced bracket that « 
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BURLING 


HARDNESS 








n will me TEMPERATURE TESTING 

f line 9 LIMIT SWITCHES <i 
subsea 2 done WITH NO MENTAL 
io USE NO LIQUIDS ...NO GASES HAZARDS. The SCLERO- 
al SGOPE has done it for the 
Fi past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 






Literature 
on 
Request 


MODEL H 


with Manual Reset Button 
tively inexpensive. 





YOUR 
WEIGHT 


FREE 


1F YOU 











—— 
pp 2 


He guessed... 
and lost! 


So many little things can upset an estimate 
and cause a loss instead of a profit! 

There’s no room for guesswork or make 
shift methods when counting R.P.M. or 
S.F.P.M... 


production you should also know the exact 


. and when it comes to machine 


count if you are to know your costs 


accurately. 
A Corbin Tachometer will give you this 
information, dependably and continuously, 


for an investment that is relatively low 


Models for all purposes. 


PA-4 





2 is 


Call on us for prompt, complete information 
on Tachometers. They can be engineered 
to meet your special requirements. 









Available with closed for 






switch normally 
cutting off heat, stopping fan, closing valve 
—with switch normally open for lighting 
lamp or ringing bell—with single pole double 
throw switch . . . breaks heating circuit while 
closing alarm circuit. Sturdy, fool-proof reset 
button operates from outside case. Range 0-1400° 
adjustable range 200-300° F. Dimensions: 
8 xX 154” x 3”. Dial Pointer for easy setting. 


INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 


“ 


Illustrated 
bulletins 
free. 


$l 





ng Precision Controls for over 10 years 





The Shore Instrument 
& Mfg. Cc., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 


BURLING INSTRUMENT CO, 
251C Springfield Ave. 
Newark. N. J. 





THE CORBIN SCREW CORPORATION 


The American Hardware Corporation, Successor 
NEW BRITAIN * CONNECTICUT 
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For the Public's Protection’: . . 


.. . Sell your instrument dials and parts containing radium 
ONLY to a recognized reclaiming laboratory. 


WE: Wit Buy: 
SCRAP DIALS and INSTRUMENT PARTS 


Will buy any quantity—no matter how large or 
small—of Dials, Pointers, Markers, Buttons, Tubing, 
or any instrument parts CONTAINING RADIUM. 


(This includes paper, rags, etc.) 








Send us particulars and we will make 


an offer or send our representative. 





CANADIAN RADIUM & URANIUM CORPORATION 
630 Fifth Avenue, New York 20, N. Y. 


The Occupational Health Division Army Medical Corps, the Industrial Hygiene 
Division, U. S. Public Health Service and the Dep’t. of Labor, New York State 
are among the agencies which have pointed out the public health hazard when 
instrument dials and parts containing radium are sold as metal scrap. 















BETTER 


WORK 
BETTER 
€ 


Keep hands 
free 


2%4X BINOCULAR 
HEADBAND MAGNIFIER 


Magnification, 21/4. Large, clear field 
of view. This magnifier is invaluable 
for precision work. Binocular vision 
reveals true depth of details. Optical- 
ly ground lenses. No eyestrain. Free 
working distance, about 8”, permit- 
ting unhindered use of hands. 
Eyeglasses may be worn while using. 
Highest optical quality. Eyeshade of 
black Tenite plastic—practically un- 
breakable. 


Also APLANATIC 
FOLDING POCKET 
MAGNIFIERS 


6 and 9 power 





Write for leafiet 


carv ZEISS inc. 


Dept. H-49-8, 485 Fifth Avenue, New York 17, N. Y. 












PYRO oniiculomnntren 
SAVE TIME AND 
MONEY! 


By using PYRO, a self- 
contained, DIRECT 
READING, sturdy 
unit made to stand 
rough use. It is abso- 
lutely accurate and 
dependable, and quick- 
ly pays for itself, 

Unique construction 
enables operator to 
rapidly determine tem- 
perature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, no 
accessories, no main- 
tenance expense. Spe- 
cial “FOUNDRY 
TYPE” and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 
and POURING TEM- 
PERATURES of 
molten iron and steel 
when measured in the 
open. 

Stock ranges 1400° F. to ovvuvu~ F. 

Write for Catalog No. 80 


Immediate Delivery for Defense Plants 


THE PYROMETER INSTRUMENT CO. 
Plant & Lab 
103-107 LAFAYETTE ST., NEW YORK, N. Y. 
In Canada, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 
Toronto and Montrea! 
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stantly placed in any position 
work area. Cool fluorescent 
substantially to comfort of op¢ ¢ ‘ 
Sight” is now supplied in thr types , 
lighting: (1) Standard bayonet type 
bulbs; (2) Lamps that are seal: to reliey 











explosion hazard; (3) Fluorescent La 
It is also supplied with three type- 
brackets and two sizes of lenses 

ing almost any industrial need.—The Boye 





Campbell Co., (Safety Division 
Antoine St., Detroit 2, Mich. 


ij 
























Power Unit for Aircraft Servo 


Systems 
New “Series 206B Rotary Actuator” | 
been designed for special flap install: 
to assure quick and safe pull-outs i 
dives made at speeds at which moder 


38 
















fighting planes now operate. Performan 
of planes such as Republic P-47, and other 
show that engineers have met this cha 
lenge by building compressibility dive fia 


installations permitting quick pull-outs 
high Maoh numbers, while plane is still 4 





high altitude. Extreme diving momentu 
which ordinarily results when compressibi 
ity shock occurs on wing is offset by toe 
flap action. Ilustration shows tuat MC 
for P-47 dive. flap. This installation con 
sists of two “actuators” connect to U 
flaps by means of levers and 1 Leal i 
flexible shafting, Lear angle drives, Leal 
bulkhead connectors, limit switches to cong Nf 
trol extent of travel of dive flap, a rela No 
and a circuit protector, conne will 
switch in cockpit. The two “actu s” arg gen 
interconnected by flexible shafti! throusiam test 





angle drives and couplings. This 
nection provides synchronizatior 
emergency power so that in case 
is damaged by gunfire the othe: I 
both flaps. “Series 206B Rotary tuator 
is designed for heavy-duty Ik pt 
650 lb.-inches, with a normal | 
lb.-inches. It operates at 26 r.p.n 
ered with the “D frame Lé 
“Lear Fastop” clutch assures ‘ 
sitioning. Complete power unit ‘ 
than 8 lbs.—Lear Avia, inc., Pia 























ost -War . P HAKE NO. 276 
(Jick Movements | n@ JEWEL LIGHT ASSEMBLY 


by = 
¢y — ~) ERE’S a heavy duty miniature base 
(Il (ge SA assembly designed for use on rugged 
v | 5 : oie equipment. Socket assembly and mounting 


tube are of one piece . . . so durably built 
they never need replacement. Solder termi- 
nals eliminate danger of connections becom- 
ing loose through vibration as with screw 
terminals. Mounts in 1” hole on panels up to 
12” thick. Regularly supplied with colorless, 
smooth glass jewel frosted on back. Your 
choice of colored disc placed behind jewel 
offers advantage of glass appearing white 
ethrenocie Gal ath wait until lamp is lighted. #276 is only one of a 

big line of better Drake Socket and Jewel 
Light Assemblies . . . standard or special 


Buy bah) types. Do you have our catalog? 
Another Bond 


yy 
Today | ey) SOCKET AND JEWEL LIGHT ASSEMBLIES 


io EESEA | PTV Ga CULT 


ee eee | 1713 WEST HUBBARD ST., CHICAGO 22, U.S.A. 











roduction of special clock 
its and clockwork mechanisms 
ording instruments must wait 


mover 


for ré 
until this war is won. Meanwhile, we 


would welcome the opportunity of 
working with you in developing your 
post-w ar designs. 

Remember, Chelsea has been mak- 
ing special movements for recording 


. 
Lhe Boye 


3540 8 


ft Servo 














Ctuator” ha 
instal 


ll-outs fro 


lich = moder TEST INSULATION 
THE MODERN WAY 











MODEL B-5 REX RHEOSTAT COMPANY, BALDWIN, L. I.,N. Y. 


MEG « ) 
OCHMER PROTECTED and r ane Standardized Spectal 


MOTORS and 


NEW BATTERY-VIBRATOR TYPE UNPROTECTED Gear Motors 
No more tiresome cranking of a hand-driven TUBULAR SLIDE- As a result of 30 years specialization in the design 


ener i * i and manufacture of special motors and gear motors 
: erator. Entirely self-contained. Steady CONTACT RHEOSTATS of from 1/3000 to 1/3 h.p., Speedway has developed 
est potential of 500 volts D.C. available not only a vast store of ‘“‘know how’’, but innumerable 
at the touch of a switch. Direct reading in WITH SELF-LUBRICATING standardized units which can be assembled and wound 


j . ° : in varying combinations to give shaded pole, shunt 
insulation resistance. Various new models CONTACT BRUSHES wound or series wound motors, engineered to exactly 
meet specified requirements of output, torque, space, 

” ra oe ADJUSTABLE cath annie Gan. 
Vrite or one for Bulletin 430 With these standardized parts and units, augmented 
P RESISTORS by over 3000 different gear combinations, SpeedWay 
can often supply highly special motors and gear motors 


HERMAN H. PRAT: at standard motor prices. 
@ PROMPT SHIPMENTS If you have a war or post-war motor problem, send 
a for the SpeedWay Motor Catalog 
REX RHEOSTAT co SAMPLE MOTORS OF TYPES NOW IN 
: COMPANY, INC. ° PRODUCTION DELIVERED PROMPTLY 


chs ant BALDWIN, L. I., N. Y. PEEDWAY MANUFACTURING CO. 
- PARK PLACE NEW YORK, N.Y. ia SOUTH LARAMIE AVENUE, CICERO 50, ILL. 
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SOCIETIES 


CALENDAR 



























_ tah __ City, Society and Secretary — Date Place 
Atlanta, Ge -orgia ja Society for Robert E. Geminert, P O. Blue Flame Room, 
Georgia Measurement & Control Box 1714, Atlanta Atlanta Gas Light Co. 
Baltimore Baltimore Industrial In- Ragan, Fuel Div., Beth Engineers Club, 6 W. 
strumentation Society Steel, Sparrows Pt., Md Fayette St., Balto. 
Charleston, Charleston Instru- M. B. Lorig, 1506 Virginia 7 
W.Va. ment Society St., Charleston 1 
Chicago, Chicago Section, A. J. Butler, c/o THC, 2626 Mé&M Club, 237 
Illinois [. 5S. A W. 31st Blvd., Chicago Merchandise Mart 
Cleveland, Cleveland Instrumenta- A. J. McCullough, Minne- ~~ Cleveland Engineering 
tion Society apolis-Honeywell, 5005 Euclid Society 
Ave., Cleveland 3 
Detroit, Instrument Society Cliff Sackett, Chrysler Eng’g “a 
Mich. of Detroit 12800 Oakland Ave Det’ t 
Florence, Muscle Shoals Instru- J Ww. "Moffett, 323 b "% 
Alabama ment Society E. Mobile St., Florence 
Fort Worth, Fort Worth Electronics ” Ralph Ely, 1116 E. Arlington, Texas Hotel, Fort Worth 
Texas Clu Fort Worth 
Coast Gulf Coast Section, C. D. Holt, 2509 Lake Shore 
(Texas) 1.58. A. Dr., Port Arthur, Texas 
Hartford, Hartford Society for Gustave L. Manke, c/o Veeder- Bond Hotel . 
Conn. Measurement & Control Root, Sargent & Garden Sts. 
Kansas City, KC Industrial Instru- Gordon H. Burke, 1527 Broad- Bluebird Cafeteria 
Missouri mentation Society way, Kansas City, Mo. 
Los Angeles, California Instrument | M. D. Pugh, $41 South adic ham, 
Calif. Society Spring St., » Los Angeles, Calif. Los Angeles 
Newark, Society for Measurement H. L. Clan, 831 Dixie Lane, Oct. 2 Essex House : 
. & Control (New Jersey) Plainfield, N. J. 
acYod "New York Society for HL. Hildenbrand, 206-07 Sept. 24 Columbia U. Men's Faculty 
N. Y. Measurement & Control 33d Ave., Bayside, L.I., N.Y Club, 400 W. 117th St. 
N. Indians Northern Indiana K. M. Frame, 25 Ruth St Sept. 17° Ultramode rm eieing g Rm. 
Section, I.S.A Hammond, Indiana 4607 Indplis Bld., E. Chi 
Oct. 19° Lake Hotel, 740 Wake 
ington St., Gary 
Philadelphia, Philadelphia Society for G.E. Gress, c/o ATC, 34 E. Sept. 19°) Engineers Club, 1317 
Pa. Instrumentation Logan St., Philadelphia Spruce St. 
Pittaburgh, American Society for L. M. Susany, c/o Carnegie Sept. 242) Roosevelt Hotel Fs 
Pa. Measurement & Control Institute, 4400 Forbes St. 
St. Beale St. Louis Society for Gus Holubeck, Union Elec- ne 
Mo. Instrumentation tric Co., Venice, Ill 
. a —— Section, C. F. Palmer, 2924 J. C. Sept. 10 
Tenn. I. S. Hwy., Kingsport 
Toronto, ¥ ~ Canadian Society for T. C. Agnew, Minneapolis- Diana Sweets, 188 Bloor 


Ontario Measurement & Control 


Washington, Instrument Society —y 
D. C. Washington 


Whiting, Whiting Instrument 
Indiana Men's Guild 


Wyandotte, Instrument Society of 
Mich. Wayne ( County 


~ 'W. A. Wildhack, 





Lloyd Clouse, 734 
Ave., Chicago 19, 





¥ w ilson Fox, 3 





(A) Meeting at 7:30, no dinner 


Honeywell Reg. Co. 


Bureau of Standards, 


St. W., Toronto 
National _ Interior Dep*t Auditorium 
Wash'n 


4 Dante 
Illinois 


33 Chestnut 
.. Wyandotte, Mich. 


(B) Dinner at 6:30, meeting at 8 


(C) Dinner at 7, meeting at 8 





Subject nail 










































ite ST 


Ai ir-ope ered control E 
and applications 


(To be announced) 














Basic Principles of A.G.M 
Indust’l Electronics DeForest 
Pneumatic Nul! Balance C. B. M 
Applied to Ind’! Instr’s M Pr 
(To be announced) T. F. Robe A 
Corning Glas fi 
Electronic instruments D. M. Niels : 
for process control Foxboro C S 
——_—_————————— i 





(D) Meeting at 8, no dinng Ti 








INSTRUMENT SOCIETY of AMERICA 


President pro tem: Albert F. Sperry, 
225 N. Michigan Ave., Chicago, Il. 


“eo 


Vice President pro tem: Professor Carl 


Kayan, Columbia University, New 
York City. 

Treasurer pro tem: Clarke E. Fry, 
2331 Meadow Drive, Pittsburgh 21, 


Penna, 

Secretary pro tem: Richard Rimbach, 
1117 Wolfendale St., Pittsburgh 12, 
Penna. 

For Committees see May issue of In- 

struments, pages 296-297. 











CLEVELAND 

At the first meeting of the 

of the Cleveland Instrument Society, 

following committee members were 
lected : 

Program Committee—John Brown (Stand- 


1945 officers 
the 


se- 


ard Oil Company of Ohio) Chairman; Sam- 
uel Bousky (Jack & Heintz) ; Warren Stub- 
blefield (Republic Steel); Robert Tozier 
(National Advisory Committee for Aero- 
nautics). 

Membership Committee — Walter Buhl 
(Jack & Heintz) Chairman; J. L. Kelley 
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(Brown Instrument Co.) ; Harvey Lee (Fox- 
boro Co.) ; S. G. Flack (Leeds & Northrup). 
Publicity Committee — O. W. Heyman 
(Meriam Instrument Co.) Chairman; A. J. 
McCullough (Brown Instrument Co.). 
Plans were laid for an interesting and 
informative series of meetings to be an- 
nounced later, which will start in late Sep- 
tember. Officers for the year are: W. E. 
Sachse (Standard Oil Company of Ohio) 
Chairman ; O. W. Heyman (Meriam Instru- 
ment Co.) Vice Chairman; A. J. McCul- 


lough (Brown Instrument Co.) Secretary ; 
Mandal Estrin (National Advisory Com- 


mittee for Aeronautics) Treasurer. 


DETROIT 


Since the first organizational meeting of 
the Detroit Instrument Society on March 
19, 1945, two succeeding business meetings 
have been held. 

On June 18, a very lively technical pro- 
gram was enjoyed by the more than sixty 
persons attending this meeting, held at the 
Ethyl Research Laboratories. 

This program consisted of an Electronics 
Instruments Symposium led by M. Zucker 
of the Electronic Controls Corporation. Elec- 
tronic questions and problems presented 
from the audience were discussed by a 
panel of three guest speakers, These speak- 
Paul Huber, Director of GM Prov- 


ers were: 





Secretaries and Publicity Chairmen! 


Keep your group in the news even during Mino 
no-meeting months! Send Imstruments reports 
committee work, items about individual membeqy . ‘ 
etc.—MFB 





ing Grounds; L. M. Ball, Head of Chrys ment 
Sound and Vibration Laborator) J, Li sore, 
strom, Control Engineer for Westinghou“i— pect; 

The discussions enveloped a w ng 
of topics in the fleld of Electroni: 
cathode ray oscilloscopes, strain : 
bration measurement equipment, 
urement of sound level. 

All further meetings have 
tinued until next fall. 

Plans are being made for the 
strument Society and the Way! ‘ountiag tend 
Instrument Society to have a t picnigagy the 


be Scorn TI 


during the summer.—C.Lirr SA‘ s pie 
retary 

PITTSBURGH We 
INSTRUMENTATION FOR ToMORR‘ lesic 


As a result of travel restrict 
be impossible to hold the Inst 
for Tomorrow Exhibit on the d gina f 
ly scheduled, Sept. 17-21, 1945. ’ ox ne Af 
Committee has changed the d for U rest 
Show to Sept. 16-20, 1946 an sa rea 













Easy to Make Moisture Tests 
with a STEINLITE 


Almost anyone can learn to operate the Steinlite in a short 











Moisture Tester .. 


It is almost as easy to operate as a radio. No technical 
knowledge is required, and no previous experience. When 
used by an experienced operator it is “THE ONE MINUTE 
MOISTURE TESTER”. Built by a pioneer organization of 
. operates on the radio frequency im- 
pedance principle and is calibrated against official oven 
methods. Sold on FREE TRIAL basis. No money down. 
$325.00 F.O.B. Atchison, Kansas. 


radio engineers. . 


HAVE YOU A 
MOISTURE TESTING 
PROBLEM ? 


If so, let us help you solve it with the Steinlite Electronic 
. which tests a wide variety of products 
... grain, pop corn, nuts, cocoa, dehydrated eggs, carrots 
and many other products, and is constantly finding new 
applications. The fact that more Steinlites are in use than 
all other makes of electrically operated moisture testers 
indicates that industry recognizes the value of the Steinlite. 





l | time. No special education or training is necessary. About 644 Brooks 
. all one does is (1) weigh out a sample, (2) pour it into the Building 
Steinlite hopper, (3) read a meter dial, and (4) compare the Chicago 6, 
reading with a chart showing percentage of moisture. ttilinois 
space has been reserved at the William We enjoyed the trip very much, and we 
Penn Hotel for this period. appreciated the efforts and hospitality of 
At the time the change was made, it ap- the company officials who made it possible. 
peared that the space rented would be in- —JOHN MACPHERSON, Vice-President 
adequate for the demand, as there were only 
27 unreserved booths remaining. Tentative SOUTHERN CALIFORNIA METER 
rangements have been made to. secure ASSOCIATION 
additional space which will be offered first 
to those already holding space, in case a Mr. C. H. Van Marter, Training and Safe- 
different location might be desired. ty representative of thé Union Ol Com- 
at 8, no din Those who wish to withdraw their reser- pany of California, will present his “Table 
— vations as a result of this change will re- TOP Demonstration of Basic Fire Facts” 
ceive the amount paid in, less ten percent 4t the August meeting of the Southern Cal- 
f the cost of the space reserved. As stated fornia Meter Association, at the Rio Hondo 
: t the contract, this amount is being re- Country Club, Downey, Calif., on August 16. 
yhairmen: tained to cover expenses involved: in print- Dinner will be at 6:30 and the meeting will 
en during “ers and distributing notices of the Exhib't Start at 8:00 P.M. 
Mb On April 28, 1945 the Instrument Society The “Table Top Demonstration of Basic 


jual member 


(\merica was formed by the joint action 
f seventeen local societies. The A.S.M.C., 
which will later become the Pittsburgh Sec- 
nm of the Instrument Society of America, 
‘ was requested to continue handling arrange- 
a wren for the Exhibit which is now spon- 
SSBB Sored by the National Society. It is ex- 
shou“@pected that this will substantially widen the 
a Interest in and attendance at the Exhibit. 
geen PAUL G. EXLINE, Chairman, Exhibit Com- 
ges, VEE mittes 


WYANDOTTE, MICH. 


liscon The 


irrent meeting of the Instrument So- 


; lety of Wayne County had to be postponed 

{ Mae until July 30. There was a very good at- 

Count tendance. We assembled at the entrance to 
pict the Socony Vacuum Refinery and received 
copies of the Socony Vacuum News. Several 


our members are Socony men, and they 
mducted us through most of the plant. 


, boy 8 several control rooms with well- 
‘esigned instrument panels, including pres- 
P ou temperature control, remote trans- 
at rye ind automatic sequence operation 
ginal “e 
axhib Aft the tri : . : 
r th the trip we gathered in the plant 
oe resta nt and were treated to pie, ice 
Cal nd coffee. 


Fire Facts” will help to remove the fear 
of fire and will teach knowledge and respect 
for fire and will instill self confidence in 
prevention and control of fire. 

Mr. Stanley D. Clithero, Assistant Engi- 
neer Fire Prevention and Control Depart- 
ment, General Petroleum Corporation, will 
present a motion picture, “Fighting Oil 
Fires.’’ The film will give the fundamentals 
of combustion and the combustion charac- 
teristics of various common fuels. It will 
also illustrate the character and limita- 
tionse of fire extinguishing apparatus. The 
film will show fire fighting techniques and 
will include Chicago Fire School film on 
the fighting of real fires. 

At the June meeting of the Association 
which is termed the “Low Jinks” and the 
meeting at which the officers are elected 
for the ensuing year Mr. R. N. Christian- 
sen, Publicity Chairman last year, was 
elected to the position of Program Chair- 
man. The writer was elected Publicity Chair- 
man and asks that matters of publicity re- 
garding the Southern California Meter As- 
sociation be forwarded as follows: 

Charles Meriam, 1418 Wilson Avenue, San 
Marino 9, Calif. 

















AMTHOR 


TENSILE STRENGTH 


TESTERS 


for 


PAPER 
CORDAGE 
RUBBER 

LEATHER 

WIRE 

FLAT MATERIALS 







PAPER FOLDING ENDURANCE TESTER 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 


DEAD WEIGHT 
PRESSURE GAUGE TESTER 


TACHOMETERS 
INDICATING and RECORDING 


MERCURY COLUMN GAUGES 


AMTHOR 
TESTING INSTRUMENT CO. INC. 
48 Van Sinderen Ave., Brooklyn, N. Y. 
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Fuel, Materials, 
Manponer 


PRINCIPLES 
OF INDUSTRIAL 












































































By DONALD P. ECKMAN 


Engineer in Charge of Pneumatic 
Control Development and Auto- 
matic Control Research for the 
Brown Instrument Company (A 
Division of Minneapolis ? Honeywell 
Regulator Company) 


Presents a thorough treatment of 
the theory of automatic control, 
based on actual operating experi- 
ence, which coordinates in one con- 
venient volume the basic principles 
necessary to handle the mechanisms 
employed in industrial instrumenta- 
tion. It emphasizes theory rather 
than mechanics so that the engineer 
may apply general principles to his 
particular problems. Will prove an 
invaluable training manual in indus- 
trial plants where control measures 
are in use or are contemplated 


Includes the first comprehensive 
treatment of measuring character- 
istics of comtro!lers, control'er 
characteristics, the effect of process 
load changes, the effect of valve 
characteristics, correlated or mul- 
tiple control systems. Features bib- 
liography, glossary and definitions. 


$3.50 


Illustrated 


JOHN WILEY & SONS, INC. 
440 Fourth Ave., New York 16, N. Y. 


paid 
Name 


Address 
City and State 


Employed by 





Automatic Control 


Can Help You SAVE... 


PROCESS CONTROL 





2S SB BSB EB ERE SESE EERE ERE SER ER EE ES SG SO OS 


ON APPROVAL COUPON 


"lease send me a copy of Eckman'’s INDUS- 
TRIAL PROCESS CONTROL on ten days’ 
approval. At the end of that time, if I decide 
to keep the book, I will remit $3.50 plus 
postage; otherwise I will return the book post- 
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Manutacture 


New Literatu 








In this department we report new literature pertaining to Instrumentation, rece 
manufacturers. To assist in the War Effort we urge readers to request ONLY i} 
which will be of value to them. Use the coupon on the facing page. 





M-204 Facsimile Cquipment. 8&-page 
8144” & 11” booklet announces the manu- 
facture of equipment which covers the 
entire field of facsimile. All types and 
sizes of facsimile and impulse recording 
equipment—using all the varied record- 
ing mediums; photographic paper, film, 
electrolytic paper, Teledeltos and ink are 
covered. Alden Products Company, Brock- 
ton 64F1, Massachusetts. 


M-205 Instrument Rental List. 32-page 
8%” & 11” spiral-bound catalog lists and 
classifies sixty items of instruments for 
production of vibration, measurement of 
vibration, measurement of sound, meas- 
urement of strain, determination of loads, 
forces and shocks, and computation of 
movement in time and space. A per diem 
rental service is listed subject to mini- 
mum charges and to discounts for more 
extended use. Waugh Laboratories, 420 
Lexington Avenue, New York, N. Y. 

M-206 Radio and Electronic Equipment. 
86-page 8%” X 11” catalog illustrates and 
describes selected units of electronic 
equipment for improving production fa- 
cilities and for assisting in research and 
development activities. The following 
items are immediately available—receiv- 
ing tubes, industrial electronic tubes, 
G.E. industrial tubes, Dumont cathode- 
ray units, RCA test equipment, Triplett 
test equipment and panel meters, Pre- 
cision test equipment, Jackson test equip- 
ment, Di Acro die-less duplicating tools, 
Mallory power supplies, industrial timers, 
Sola constant voltage transformers, 
Equipto tool room units, photo electric 
units, industrial switches, soldering irons 
and accessories, Skilsaw tools, Operadio 
sound equipment and inter-communica- 
tion units, P.A. accessories, Mitchelite 
fluorescent lamps, and Pierceway wiring 
systems. Walker-Jimieson, Inc., 311 South 
Western Avenue, Chicago 12, III. 

M-207 Geiger Counter Spectrometer: for 
Industrial Research. 8-page 8%” x 11” 
booklet is a reprint of an article by H. 
Friedman, Naval Research Laboratory, 
Washington, D. C. The author discusses 
in detail the theory underlying X-ray 
powder diffraction and how the “Norelco” 
Spéctrometer works, its performance and 
applications. North American Philips 
Company, Inc., 100 East 42nd Street, New 
York 17, New York. 

M-208 Portable Lance or Prod Type 
Pyrometers, 4-page 8%” x 11” folder de- 
scribes lance type pyrometer which pro- 
vides a means of temperature reading 
within 2% of absolute accuracy. Weigh- 
ing only 1% lbs., this instrument is par- 
ticularly adapted to reading the tempera- 
ture of molten metals (exclusive of fer- 
rous metals) and liquids. Typical appli- 
eations would include metal refining, 
melting non-ferrous metals, remelting, 
linotyping, electrotyping, cyaniding, salt 
and oil baths, and oil refining. The prod 
type pyrometer is used for hot, solid 
surfaces where the hardened and sharp 
pointed, open end prod-type thermocou- 
ples may be prodded against the surface 
being read. Of the same weight, 1% Ibs., 
it has application for determining the 
temperature of sheet metals, engine 


heads, castings, bearings and 
H. Huppert Co., 6830 Cottage « 
nue, Chicago 37, Illinois. 


M-209 Dial Light Sockets, 14 
x11” Catalog No. 101 descr 
numerous illustrations the ful 
dial light sockets for radio rex 
transmitters, test instruments 
trical equipment. Diagrams of 
of mounting brackets are also 
Lenz Electric Manufacturing 
No. Western Avenue, Chicago 47 


M-210 Variable Voltage a-c Power 


ply. 4-page 8%” X 11” Bulletin 
scribes in detail with schematic 
the unregulated “‘Voltbox” and t! 
lated “Voltbox’’. When the incor 
voltage is generally stable or 

fluctuation of the voltmeter point 
not interfere with the desired 
the unregulated instrument is 


However, many times it is abs 


necessary to maintain a constant 


voltage and for such applicatior 


regulated type is recommended 
Electric Co., Bristol, Connecticut. 


M-211 “General Radio Experim 


10-page 6” k 9” May issue, Vol 
12, of this house organ features an 
on “Vacuum-tube and crystal 


as galvanometers and voltmeters at 


high frequencies.” Also contains 


cle on “Spark-timing with the Stro! 
General Radio Company, 275 Mas 
setts Avenue, Cambridge 39, Mass 


setts. 


M-212 “The Bodine Motorgram.” * 


8144” 11” May issue, Vol. 25, Ni 
this house organ is subtitled the 
40th Anniversary.” Covers the 
made by the Company during 


and shows pictorially the develo) 
of the Bodine line of motors fro: 
early days to the present time 
carrys an article on “Characteristi: 
applications of the Governor Motor 


dine Electric Company, 2250 

Street, Chicago 12, Illinois. 
M-213 “Precise Production.” 

8144” x11” issue No. 107 of this 


organ features the Gibbs Swiss-typ¢ 
matic screw machine. By means of 
ings and photographs, the special 


principle of operation whereby 
tating bar feeds toward the 
thoroughly explained. Shown 
examples of the finish and precisi: 
sible without secondary machin¢ 
George Scherr Company, 200 La 
Street, New York 12, N. Y. 
M-214 Comparator Projector. 
8144” * 11” folder describes the 
“Faxfilm”’ method by which an ex 
lica of a surface is made in clea! 
in less than a minute’s time 
Comparator Apparatus, Model C 
a complete projection booth cor 
twin micro-projectors. Use of tv 
surface reflectors permits proje: 
two Faxfilm slides at full 100 
magnifications, the images, ea 
square, appearing side by side 
spection table about six inchs 
from the projectors. Thus produ: 
ishes may be projected beside 
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easy and accurate inspec- 


andard: 
standar™ parison. Rex D. MeDill, 5109 
vay field 1, Cleveland 21, Ohio. 
Mayle’ 


y Machine Tool for Turning 


_. | Parts. 2-page 8%” « 11” 


oan neces the new Model 000RT 
= ’ e tool for very small work. 
eae t | using rollers, it is possible 
) act y turn parts as small as 
0075” carbide blocks in place of 
eallers ts as small as 0.020” can be 
te tool bit is held rigidly in the 


ay jer which gives maximum 
se heavy cuts, Bits can be re- 
erinding and returned to the 
se setting with a minimum 
nt. Fast accurate set-up elim- 
h of the costly “down time” 
machine shops. Boyar-Schultz 
n, 2110 Walnut Street, Chicago 


supl 





Relays. 54-page 84%” x 11” Cata- 
entitled “Relays by Guardian” 
.ecurate illustrations, fully de- 


en ecifications, suggested applica- 
tions i operating data of the most 
widel sed Guardian relays, solenoids, 
mag! contactors and switch parts. 
They offered as standard representa- 
tions factory production. Guardian 
Elect Manufacturing Company, 1400 
West ishington Boulevard, Chicago 7, 
Ilir 

M-: “Baleo News.” 16-page 9%” x 
9 sue Vol. 4, No. 9 of this employ- 
é in contains as the feature article, 
TW lays in Sampson Naval Training 
Cente Numerous other items cover the 


round-the-clock activities of the many 
ees. Bausch and Lomb Optical Co., 
whester, New York. 


M-218 Vibration Fatigue Testing Ma- 
chines. 4-page 84%” X 11” Bulletin 425 de- 
describes the company’s line of “shake- 
down” test equipment for research and 
development laboratories as well as in- 
spection and testing departments. An 
irticle tells how vibration fatigue test- 
ing of post-war products will insure the 
survival during and after the highly- 
competitive post-war period. Typical 
manufacturers, technical schools and 
government departments using these ma- 
chines are also listed. All American Tool 
& Mfg. Co., 1014 Fullerton Avenue, Chi- 
cago 14, Tllinois. 


M-219 Insulation Tester. 8-page 8%” x 
11” Bulletin No. 1785 announces and de- 
scribes the U. S.-made midget “Megger” 
tester. This new production is made to 
exactly the same specifications as the 
former made-in-England model. These 
instruments for testing insulation re- 
sistance have self-contained hand gen- 
erators which are always ready for use 
ind which develop as much as 500 volts 
dc. Ranges extend to 50 megohm using 
the “Megger” cross-coil true ohmmeter 
that is independent of the generator volt- 
age or speed of the hand crank. James 
G. Biddle Co., 1211-13 Arch Street, Phila- 
delphia 7, Pennsylvania. 

M-220 Eleetronie Level Controls. 6-page 
3%” X 816” Bulletin No. E-100 describes 
how these instruments are designed for 


maintaining or keeping within desired 
limits, the level of any liquid or con- 
ducting solid within an open or closed 
tank, hopper or other container and/or 
indicating the level by signals. The con- 


trol can be installed to operate solenoid 
‘tor driven valves, pumps, bells or 
any other electrical devices. Trimount 
Instrument Co., 37 W. Van Buren St., 
go 5, Mlinois. 


21 Special Testing Instruments for 
the Laboratory and Factory. 8%” X 11” 


Catuiog No. 336 binder with indexes and 


bu ns. Additional bulletins will be 


mailed out from time to time. Bulletins 
issucd to date cover general information, 
air "Now measuring equipment, engine 


indicators, flow meters (rate of flow), 





GAERTNER 
SPECTROMETER 





















































A rugged versatile instrument used by industrial labora- 
tories for rapid qualitative determination of compounds, 
checking of prisms, index of refraction, dispersion, resolv- 
ing power as well as other fields of investigation utilizing 
the various accessories which include polarizing and camer: 
attachments, diffraction gratings, Babinet Compensator and 
others. 


This instrument incorporates many features found 


only in the more expensive spectrometers. 


Readings can be made to 1 minute; the telescope and col- 
limator have objectives of 25mm aperture and 160mm f.1. 
The telescope is provided with rack and pinion focusing and 
10X Gauss Eyepiece; a bilateral slit with stainless steel 
jaws 10 mm long is provided with the collimator. 


prompt delivery with suitable priority 


THE GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago 14, U.S.A. 
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O PREVENT WASTE AND AID THE WAR EFFORT 
(1) Request ONLY the literature that will aid you in your war work. 
(2) Paste the coupon on a g0vernment postal card addressed to Instruments, 
taking care to make all four edges stick. 









Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. (August 1945) 
Please have the following catalogs, etc., reviewed in this issue sent to me. 


ERA ck MRS tae 1p Is Le a hs dO 


I also desire further information concerning the following new products described in 
this month’s “New Instruments” Department.....................2 000 e cee ee eeeee 
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MODEL 163 


INDICATOR 
Differential Pressure Type 





RATE OF FLOW 


LIQUID LEVEL 


DIFFERENTIAL 
PRESSURES 


e 
RATE OF FEED 
of hydraulically driven equipment 


Suitable for Static Pressures 
Up to 3,000 P.S.I. 


DIFFERENTIAL 
PRESSURE RANGES 


From 0-50 inches W.C. 
To 0-30 P.S.I1. 


RUPTURE-PROOF 
BELLOWS UNIT 
An exclusive feature. Sensitive and 
accurate under high operating pres- 
sures. Withstands extreme over- 
ranging. 
e 


Write for descriptive bulletin 
No. 11C2. 


Attention Mfrs’ Represent- 
atives. Your Territory May 
Be Open 


BARTON 
INSTRUMENT CO. 


2306 East 38th Street 
LOS ANGELES 11 CALIFORNIA 
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magnetic thickness 


Sages, 


Piezo-Ray 


the maintenance of wats 


equipment, rail car test equipment, slow hot-water storage tanks . Sp 
Loruss 
motion equipment, sound study _equip- Company, Rockford, Illi; “Man 
ment, vibration study equipment and M 
-225 ; » * Le 
other testing instruments. Commercial aur y iy mapert. Pipes ie rT. 4-pap 
i . ” ulle os ge 
Research Laboratories, Inc., 20 Bartlett w ye Saree mA be 
: ‘urrent-force ec > f “ves 
Avenue, Detroit 8, Michigan. , 4 oe ee conder gn 
chines, which includes ~ 
: ors 
: . ; for recording simultan: “pa 
M-222 Grinding and Polishing Dust Col- cian tl 1] Ming 
” na : ave, 1e€ rapidly - 1 ‘ 
lectors. 4-page 8%” xX 11 Bulletin No 4 , —— rode 
: - : foree, and the electrod: 
31645 describes three models of equip- : f 
7 7 resistance welding machi: 
ment used in collecting harmful dust in : bie 
is being made. This rex 
the jewelry, dental, novelty and other , P 
: 2 for periodically checking 
light-metal working industry Details . ; - 
chine performance, and f; 
how the dust-laden air is drawn away : ~ 
fi ' ; ; ; ' search. General Electrie Co; 
; > *k str: > roug cloth : . 
rom the wae <, strainec through t ectady, New York. 
bags and finally passed through a water 
bath to remove any fine particle that M-226 Eleetron Tubes, 
may have passed through the filter bags 11” manual for radio engi) 
The air is then returned clean and sweet War Industries. Gives con 
to the work room. Leiman Bros., In¢ date information and te, 
146-181 Christie Street, Newark 5, New which will prove helpful in 
Jersey. of the right tube fo eac} 
and to obtain the highest et 
M-223 “Tropicalized” Koolohm Resist- the tube itself. Taylor Tubes 
ors. 4-page 81” 11” catalog features 18 Wabansia Avenue, Chicago 
resistors for all radio and general serv- 9997 
ree « - ; -* M-227 “How and Why Cathode-ray 
ice uses. 4 resistors listed areé " Tubes Work.” 16-page 8 ls’ ’ 


“Koolohm"” 


types having the tropicalized 


contains the 


following well] 


construction utilizing a glazed cerami« articles by J. R. Beers, Devel 
outer shell and a new moisture- and fun- gineer; (1) Early history, (2) } 
gus-proof end seal. This construction cal concepts, (3) Present da\ 
eliminates the possibility of humidity (4) Manufacturing problems 
and corrosion difficulties even under ode-ray tube testing. and ( 
tropical humidity conditions. Sprague Designs. North American PI 
Products Co., North Adams, Massachu- pany, Inc, 100 East 42nd St 
setts. 26rk: 1%, N. FZ 

M-224 Eleetrie Controls for Heating, M-230 Ceneo News Chats. 
Ventilating, Air Conditioning and Indus- 8” 11” June issue, No. 29 
trial Applications. 4-page 8%” 11” bul- house organ published to equ 
letin F-2287-1 discusses the Barber-Col- actively engaged in laboratori: 
man electric system of temperature cation, industry and medicine 
control which is available for heating, latest development of apparatu 
ventilating, air conditioning and indus- applications. The featured art 
trial applications. Also described are the (1) Serving Science, (2) Notes. « 
various room, duct, immersion, and re- ind correspondence, (3) Techni 
mote-bulb thermostats which are avail- and abstracts, (4) Corning Glas 
able and the complete line of moto: and (5) New ideas for better w: 
operated valves, control motors, and tral Scientific Company, 1700 Iry 
package sets of control equipment for Road, Chicago 13, Illinois. 


ADVERTIS 


ERS' INDEX 





Aerovox Corporation A30 
Air Express Division, Railway 
Express Agency ... : 7 
American Cystoscope Makers, 
Inc. 551 


American Gas Accumulator Co. .585 


American Lens Company. A35 
American Optical Company... .586 
American Time Products, Inc...A22 
Ames Company, B. C. 558 


Amthor Testing Instrument Co. .553 
Arnold Engineering Company. . 
Askania Regulator Company 553 
Associated Research, Inc.... 568 
Automatic Electric Mfg. Co. 586 
Bailey Meter Company..... 
Bakelite Corporation....... 
Barton Instrument Company 596 
Biddle Company, James G.....58! 
Bowser, Inc. .. unis 546 
Bradiey Laboratories, Inc. 567 
Breeze Corperations, Inc. 
Bridgeport Thermostat Co. 

.Inside Back Cover 


Brown Instrument Company A2! 
Burgess Battery Company ..570 
Burling Instrument Company 589 


Burlington Instrument Corp. 582 
Canadian Radium & Uranium 
Corg. ce pase? =e = | 590 
Certified Gauge & Instrument 
Corp. ‘ , 576 
Chace Company, W. M. 559 
Chelsea Clock Company 591 
Chicago Metal Hose Corp. A4 
Cinaudagraph Corporation Al4 


Clarostat Manufacturing Co. 587 
Cochrane Corporation , A6 
Cole Steel Equipment Co. 558 


Commercia| Research Labs. 
Conant Electrical Laboratories. 580 
Connecticut Tel. & Elec. Div... .569 
Corbin Screw Corporation 589 
Defender Instrument & meee 


Co. 
Dillon & Co., Inc., W. C. 563 


Drake Manufacturing Company. .59! 


Du Mont Labs., Inc., Allen B..Ai2 
Eppley Laboratory, Inc., The 

t 551, 555 
Federal Products Corporation. .55! 
Fenwal, Incorporated Al6 
Field Electrical Instrument Co. .587 
Fischer & Porter Company 565 
Fish-Schurman Corporation 562 
Foxboro Company, The... Als 
Gaertner Scientific Corp., The. .595 
General Electric Company 585 
General Radio Company Al 


Great American Industries, Inc. .569 
H-B Instrument Company, Inc. .562 
Heiland Research Corporation. ..A2 
Heise Bourdon Tube Labs. 559 


Hewlett-Packard Company A20 
ickok Elect. Instrument Co. 577 
opp Press, Inc., The 589 
IMinois Testing Labs., Inc. 557 


Indiana Steel Products Co., The.A26 


James Knights Co., The 587 
J-B-T Instruments, Ine. 575 
Kelnor Manufacturing Co 585 
Kenyon Instrument Co., Inc...Al5 
Kester Solder Company 552 


Keystone Carbon Company, Inc..Alt 
Leeds & Northrup Company... .A36 
Lewis Engineering Cempany AS 
Liquidometer Corporation 559 
Littelfuse, Inc. 571 
Marion Elect. Instr. Co. A23 
MB Manufacturing Co. A?4 
Mead Specialties Company 555 
Measurements Corporation 

Back Cover 
Meriam Instrument Co. 548 


Minneapolis- Honeywell Regulator 
Co A2 


> i 
Mobile Refrigeration Div. 546 
Moeller Instrument Company. 554 
Moisture Register Company A34 
Ohmite Manufacturing Co. 556 
Paimer Company, The 584 
Paragon Electric Company 551 


Permo, Incorporated 
Philadelphia Thermomete 
Pyrometer Instrument ( 
Railway Express Agency 
Rawson Electrical Instr 
Refinery Supply Co., Tt 
Revere Company 

Rex Rheostat Company 
Rhodes, Inc., M. H. 
Rolier-Smith Company 


Rowe Radio Research Lab 


Rubicon Company 
Scherr Company, Inc., G 


Seedburo Equipment Com: 


Shalleross Manufacturing 
Shore Instrument & Mfg 


Simplex Valve & Meter C 


Simpson Optical Mfg. C« 
Sola Electric Company 
Speedway Manufac uring 


Sponge Rubber Products ( 


Standard Transformer ( 
Statham Laboratories 
Sticht Co., Inc., 
Stoelting Co., C. H., 
Universal X-Ray Produ 
Streeter-Amet Company 
Struthers-Dunn, Inc. 
Superior Electric Compa 
Tagliabue Division, Port 
Products Corp... Inside F 
Taylor Instrument Comp 
Teleoptic Co., The 
Televiso Products, Inc 
Trimount Instrument C« 
Trinity Equip. & Supply 
Triplett Electrical Inst 
United Transformer Cor 
Universal X-Ray Produc 
C. H. Stoelting Co. D 
Victoreen Instrument ( 
Wallace & Tiernan Pr 
Inc. 
Waltham Screw Compa 
Warren Telechron Comp 
Waugh Laboratories 
Weksler Thermometer ( 
Westinghouse Elec. & Mi 
Weston Elec. Instrument 


Wiley & Sons, Inc., | 
Worley Jewel Co., John 
Wrigley Jr., Co., Wm 
Zeiss, ine., Carl 


t Cove 

















































er, 
5 Ma. 
BTaph 
Ming 
rode 
if 
'thode-ray 
= 
Kr 
MI : 
i 
( 
CO 
t 
ie 
‘yy 
it 
is 
rt 
( 
is 
W ¢ 
\ 
nete 
¢ 
ney 
str 
The 
Aid 
y 4 
A32 
y Al? 
Lah 56 
G 5 
Con y 59 
ing 
Mio 58 
or C A 
Co if 
'y A 
ing 59 
ts C 73 
Ce 574 
56 
an + 9 
f 
du 55? 
y 555 
A25 
ipa Ads 
ort 
e F Cover 
mpa A3 
588 
ily 
on y 
uct 
D 
Cc 
f 
A? 
a 55 
Ag 
540 
( 584 
if A 
; p 54 





| Igstruments 


BEHAR, Editor 
ae 


JIVERSITY OF TENNESSEE 
KNOXVILLE 16 
'T OF CHEMICAL ENGINEERING 


yEPARTM 
July 26, 1945 
Dear M r Behar: 

[have read your editorial in the June 
ssue Instruments concerning Pro- 
essor Cole’s plea for a better method 
pf acquiring instruments for the tech- 


ical schools. This problem is one that 
as bafiled me for some time and I 
ave not yet found a practical answer 
or our chemical engineering curricu- 
um. 


Many schools—this one included-— 
are in very poor financial condition 
ecause of the war. Even in normal 


imes the appropriation is not adequate 
0 purchase much new equipment. It is 


bvious that there are many classes of 
equipment other than instruments that 
must be bought. To attempt to set up 


»n instruments laboratory by purchase 
is rather hopeless when one good indus- 
rial instrument takes a third of the 
lepartmental appropriation for main- 
and new equipment. So far we 


enance 


THE MAGAZINE OF 
Measurement 


and Control 














uments for Engineering Schools 


have been able to buy one industrial 
instrument about every two years. 


We do not believe it is desirable to 
ask individual companies for donation 
of equipment, even though we think 
that the use of such equipment by the 
engineering student has an advertising 
value that should pay off well in the 
future. We furthermore expect that 
very little equipment that has any 
value will come to the schools from 
surplus war property. In fact, the 
regulations now provide that donation 
may be made to the schools only of 
property that nobody is willing to buy. 

If it appears at times that the tech- 
nical schools are not moving very fast 
in the field of instrumentation, I be- 
lieve that the conditions I mention may 
be partly to blame. We would welcome 
an opportunity to get more equipment 
—but please do not send us some junk 
ripped out of an obsolete plant. We 
have enough of that now. 


Yours truly 
R. M. Boarts 
Professor of Chemical 
Engineering 





Perhaps YOUR Lab Belongs in This Directory 


NATIONAL RESEARCH COUNCIL 
2101 Constitution Avenue 
Washington 25, D. C. 

July 2, 1945 
Editor of Instruments 
The compilation of the Eighth Edition 
f the National Research Council direc- 
Industrial Research Laboratories 
United States,” is now under 
vay. The 7th edition appeared in 1940 
ntained information concerning 
the industrial research laboratories of 
2,264 companies and their subsidiaries. 
h five years intervening between 
litions, it is expected that there 
wil be a number of changes and it is 
| that a number of new laboratories 
ll be added. 
Although effort was made in 1940 to 
each as large a number of laboratories 
sible, no doubt some in each field 
een inadvertently omitted. It is 
mportant that centact be made with 
se laboratories in compiling the 
ming edition. 


“yy + 
40 Une 


The term “research” for the purpose 
of the directory is construed as includ- 
ing investigations looking towards the 
IMPROVEMENT OF PRODUCTS or the REDUC- 
TION OF COST OF MANUFACTURE as well 
as fundamental research and applied 
research. It does not apply to laborato- 
ries concerned only with commercial 
testing. 

An announcement that the new edi- 
tion of the directory is now being com- 
piled would most effectively reach the 
laboratories in the field of scientific in- 
struments through a statement in your 
journal. We hope that you will be will- 
ing to extend us this codperation in an 
early issue. 

Research men should inquire of the 
directors of their laboratories whether 
questionnaires have been received, as 
those reporting in 1940 will have had 
their printed statements sent for revi- 
sion. If no questionnaire has been re- 
ceived, one will be sent upon request to 
the Library, National Research Council. 

The directory is issued by the Na- 


tional Research Council with no expec- 
tation of profit. There is no charge for 
the inclusion of a statement regarding 
a laboratory in the publication and no 
obligation is incurred in furnishing 
data. 


Ross G. HARRISON, Chairman 





“Labor Unions’ 
Jurisdiction” 


204 Ramona Ave., 
El Cerrito, Calif. 
July 11, 1945 

To the Editor of Instruments: 


I note with regret that you have 
entered into a controversial discussion 
on Labor problems in the May and 
June issues of your periodical. 

I have been working for one of the 
largest research laboratories in the 
country for the past eleven years as 
a technician. We have had Organized 
Labor in the plant for over five years 
and I have not experienced any of the 
difficulties which were cited in your 
magazine. 

I have enjoyed your magazine for 
over a year and would like to continue 
doing so in the future providing you 
do not intend to enter the economic 
field as some of the employer dominated 
professional societies have done. I hope 
you will returp to scientific discussions 


and let the instrument man solve his 
own Labor problems. 
Yours respectfully, 
L. H. BAYLEY 


OUR COMMENT: 


“Letting the Instrument Man solve 
his own Labor problems” is precisely 
what Instruments has preached and 
will continue to preach. As to the La- 
bor vs. Capital Controversy, we’ve 
never entered into it, for the simple 
reason that “Instrumentation Benefits 
BOTH Capital and Labor” (see May 
’°34 editorial bearing this title and nu- 
merous others*). As to “entering the 
economic field,” all of us entered it as 
boys when we started working: what 
out-of-place controversy can there be 
about recognizing this simple fact? 





wy 

MFB 

*including, for example, that of Jan. °43 

in which we called certain industrial execu- 
tives “a disgrace to Management.’ 
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Fig. 1. Negative for precision dials is selected plate glass, 
drilled and bushed accurately, then sensitized and exposed. Metal 
and plastic dials are printed photographically. 


Fig. 3. After exposing and processing (much like any photo- 
print) rough dials are washed in a cascade. 
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Fig. 2. Plastic and metal dial blanks are sensitized by cemet 
them to Linagraph Transfer Paper, which is stripped away 
leaving a photo emulsion on the blanks. 


Fig. 4. Exact center hole is an accurate reference poin 
establishing inside and outside diameters on a lathe. 
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AKING dials under Navy speci- 
fications calling for accuracy 
to within five minutes of arc 
or electronically controlling the fire 
rom a fighting ship or a bomber is a 
rood trick—if you can do it. 
Five minutes is the 1/4320 part of a 
irele—not much of a slice when the 
ircle is only a few inches in diameter. 
As usual, American engineers solved 
he problem and prevented a serious 
bottleneck in a highly critical precision 
mart. And the way it was accomplished 
is interesting to everyone who likes to 
hink in terms of accuracy to within 
inutes, or even seconds, of arc. 
The engineers at American Dial Co., 
Inc. in New York City, reasoned that 
mo dial could be exact if the center hole 
ere drilled after the pattern had been 
put on it. So they attacked the prob- 
lem in a different way—by first drill- 
ing a center hole in an optically flat 
glass plate. Then they cemented in a 
stainless steel bushing having a center 
hole accurate to within 0.0002”. The 
next step was to sensitize the glass 
plate to light by cementing to it a spe- 
cial high-contrast film used by photo- 
engravers and to follow this by optic- 
ally generating a dial pattern on the 
film. 
The recording instrument incorpor- 
» @2tes an ingenious combination of opti- 
cal and electro-mechanical principles 
and achieves a degree of accuracy both 
astounding and phophetic. For example, 
seine lial graduations can be made concen- 
tric about a polar axis or they can be 
generated around an elliptical axis. 
Spacings ean be uniform, logarithmic, 
follow any modified function. Pat- 
terns such as sine, square-top or saw- 
‘ooth waves can be made in any diam- 


Instrument Dials 


eter up to 20”, one cycle apart, and at 
any amplitude. 

And although Army and Navy speci- 
fications now calling for dial tolerances 
in terms of 5 minutes of arc are 
thought in many quarters to be rigid 
enough, preliminary tests made on this 
equipment indicate that absolute ac- 
curacy may well be possible. 

Since the dial negative is made on 
photographically sensitized glass, its 
dimensional stability becomes that of 
glass itself and, to maintain the orig- 
inal accuracy, a photographic printing 
method was decided upon, using the 
same sensitizing materials employed by 
many aircraft factories to make tem- 
plates for aircraft parts at a great sav- 
ing in time. + 

The sensitizing material, known as 
Linagraph Transfer Paper, consists of 
a thin, very fast emulsion held to a 
temporary paper support. 

But before the dial material (metal 
for opaque dials, various plastics for 
translucent ones) is ready to be sensi- 
tized, it must be drilled as accurately 
as the negative plate (0.0002”) and 
sprayed with Polymerin. The spray 
coat provides a suitable permanent sup- 
port for the Linagraph emulsion and 
also forms the required background 
color for the legend—usually white, or 
green, or red, or a combination of the 
three, or Linagraph paper can be lam- 
inated without background color. Then 
the dial blanks are passed through a 
laminator which transfers the Lina- 
graph emulsion to the blank from the 
paper support. 

The rest of the procedure is simple. 
In a darkroom the face of the negative 
is laid in contact with the emulsion side 
of the blank and a stainless steel pin 


A New Photographic Method of Graduating 


By H. J. CHRISTY, Eastman Kodak Co., Rochester, N. Y. 


inserted through both center holes. The 
exposure is made, the two separated, 
and the blank developed, much like any 
photographic print. 

After drying, the untrimmed dial is 
set up in a lathe with the center hole 
as a reference point, and the inside and 
outside diameters established with the 
lathe tool. Following a protective spray 
coat, rigid inspection and individual 
packaging, the process is complete. 

In Long Island City, N. Y., the 
Liquidometer Corporation makes dials 
by virtually the same process but for 
a different reason. At present their 
business consists largely of liquid level 
gages for storage tanks on airplanes 
and ships—tanks for gasoline, fuel oil, 
potable water and alcohol (all cali- 
brated in gallons), and water ballast 
(calibrated in tons and gallons). In 
spite of standardization there are only 
limited numbers of airplane and marine 
tanks that are truly identical, so most 
such dials are limited editions. They 
could be made with a pantagraph but 
this would require hours of skilled hand 
labor. They could be printed by offset 
lithography, but this is economical only 
for large production. The photographic 
method combines speed with economy. 

Tolerances are not so close as those 
required for fire-control dials—15 min- 
utes of arc against 5. Neither are exact 
center holes necessary. These relaxed 
requirements permit the negative to be 
made directly on film, instead of film- 
on-glass. But from here on the process 
is almost an exact duplication of the one 
at American Dial. And the significant 
point is this: Two employees make 
more dials in less time than would be 
required by ten people to do the same 
iob by any other method! 
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In the Optical Shop at the Mare Island Navy Yard, Vallejo, 
Calif., lenses for naval instruments are given a coating of mag- 
light 
definition characteristics. Although the actual operation is carried 
out in an evacuated bell-jar, it is imperative that the room in 
which the lens are washed and otherwise prepared for coating 
be free of dirt and dust. Air entering the coating room is kept 
free of dirt by an electrostatic air cleaner, the Westinghouse Pre- 
cipitron, capable of removing more than 90% 


nesium fluoride to improve their 


transmission and field 


of all dirt particles cent lamp. 








from 23,000 cubic feet of air each minute, which was recently 

stalled there. In picture A, Roy Heisel, lens maker at the N 
Yard, is shown polishing out scratches in the course of prepa 

lenses for anti-reflection coating. In picture B, the vacuum b 
jar apparatus for depositing the coating is shown. Jim DeMarti 
chemist at the Navy Yard, is checking the thickness of the « 
ing on the lens in process, by noting the degree of violet colo: 
tion appearing on the lens in the jar when activated by a fluo: 


(Courtesy Westinghouse Electric Cor} 


Notes on a Convenient Method of Minimizing 
Reflectance from Glass Surfaces 


By Lieutenant Commander HAROLD B. SEIELSTAD, U. S. Coast Guard, “Somewhere in the Pacific-Asiatic Area.’ 


ing reflectance of some large glass 

panels enclosing a revolving light, 
and learning that chemically treated 
glass did reduce such reflection, the 
writer tested sample lenses. He sought 
to determine if glass surfaces could be 
easily treated, thus reducing the reflect- 
ance of such panels. Infrequent as the 
application appeared at the time, its 
use has grown to enormous proportions 
in civil and military use with an inter- 
est unbounded and more and more of 
the glass and optical companies are 
presenting glasses and optical elements 
with a minimum of reflection difficul- 
ties. And finding that most instrument 
users—and many instrument makers- 
did not know of this improvement, it 
was thought high time for our maga- 
zine Instruments to give some data 
for the general industry. 

Boiling a lens in hot water, freezing 
that same lens at 8° below zero F., 
scrubbing with abrasive powders to re- 
move oily smudges, and have a lens re- 
maining which looks cleaner and more 
transparent that a similar lens which 


Bite refict interested in minimiz- 


Opinions and assertions are the author's 
and are not to be construed as the views of 
the Navy Department or the Naval Service 
at Large. 

No objection to publication for Naval 
security reasons. Office of Public Relations, 
U. S. Navy, Review Section, 28 April 1945 
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NOTE ON ILLUSTRATIONS 
The author left to Instruments the illus- 
trating of his article. We are responsible— 
not the Navy or the author. EDITOR 








was not treated to reduce reflectance, 
sounds like, but is no longer, a fairy 
story. In fact, from the description of 
a brief test which follows, demonstra- 
tions of the previous statements are 
readily observed. In the field of optics 
it seems to be an every-day necessity 
to treat lenses to reduce reflection, speed 
them up and reduce the spurious im- 
ages or flares. To any instrument reader 
who must twist his neck to see properly 
manometer or thermometer columns, 
dial or other glass-enclosed indicating 
instruments—even the office clock—the 
grief attendant to reflections results in 
tiredness of eye and body with conse- 
quent inaccuracies in the “human equa- 
tion.” Relief which can be afforded by 
use of treated glass is nothing short of 
miraculous. 

The writer brought results of his 
tests to the attention of Major Béhar 
with the suggestion that the apparent 
value of glass surface treatments be 
brought to the attention of men en- 
gaged in instrument work. As so often 
happens, the Major worked his wiles 
and got this whole bunch of words. He 
also contacted his many friends with 


experience in the treatment 
surfaces and their accumulated 
ence is included with grateful ack: 
edgement throughout these notes 
sincerely hoped that some of 
words will ignite a spark whi 
lead to better instruments and 
more convenient use. 

For a practical experiment 
termine the ease or difficulty of 
ing glass surfaces chemically, 
ascertain the value of such tre: 
a Fresnel type lens was used. 
a common type lens used for la 
small river or bridge and obst 
lights and in aids to navigatio: 
inland rivers, inter-coastal wat: 
inlets and bays and some types 
craft landing marking use. Thos« 
were manufactured by the ‘ 
Glass Works and were 90-mill 
clear, conical-top, flanged-base, | 
glass lens, type No. 52091, « 
of the heat-resisting variety 0 

The light transmission of thes 
was measured by the cand 
readings on a Weston Model 60: 
nation meter, it being assumed 
reduction in reflectance would 
in an increase in light trans 
An aged, pre-focused base lam 
ufactured by the Wallace & 
Products, Inc., type No. FP-161 
at 6.2 volts, 0.7 amperes, was 












storage battery at 5.90 volts and 

s., held constant for each read- 
ing and continuously observed by in- 
ts. The lens was mounted in a 
Coast Guard retainer ring 
on a rotatable indexed plate 
and aligned each time by the alignment 
marks cast into the lens. The lens was 
mounted in a box, which had its in- 
treated with a dull, lamp-black 
type paint finish. Light was conducted 
through a 8” diameter tube with the 
illumination meter paddle secured 25%” 
Fdistant from the center of the lamp. 

Readings were made at eight differ- 
ent, reproducible settings throughout, 
and their results averaged. While this 
set-up was admittedly not a “labora- 

ry standard,” readings could be re- 
checked consistently throughout a num- 
rotations of the equipment. Of 
course, the same lamp and instruments 
were used throughout these tests. 

The lenses were treated with a solu- 
tion composed as follows: 2.1 grams of 
sodium fluoride per 200 ml. of water; 
f 50% sulphuric acid added to 
each 100 ml. of the sodium fluoride solu- 
tion. The glass was “soaked” one hour 
in this solution. 





tandard 


hey 


{ ml] 


Lens No. 1 averaged 4.875 candle- 
power under the above conditions un- 
and with the inside surface 
eated gave 5.641 ¢.p., an increase 
f 15.7%.* A slight reduction was 
und from this value upon treating 
the inside and outside surfaces 
ut the lens was transmitting 5.508 
C.} 12.8% more than when not 
treated. The change was no doubt oc- 
| by the change in thickness of 
treatment which, as is dis- 


figure of more than fifteen percent 


or four times the usual—made at 

ne authority refuse to read the ad- 

opy of Lt. Com. Seielstad’s artic 

c this sentence. However, Lt. Com. 


Nei¢ 1 


| gives an explanation several para- 
below.—EbDITor. 


with ‘‘Balcote.’’ (Courtesy Bausch & Lomb Optical Co.) 


This striking pair of photographs may have been seen by meny readers in recent advertisements. ‘‘Shooting into the sun 
1o kill details in the shadows, yet the photo at the right shows such details: it was taken with a camera having its lens treated 
{All illustrations for this article are from unrctouched photos.} 


covered in theoretical studies of the 
subject, should be one-quarter wave- 
length in thickness for maximum re- 
duction in reflectance. 

Lens No. 2 transmitted 5.061 c.p. be- 
fore treatment and 5.531 ¢c.p. or 9.3% 
more transmission after treatment of 
both surfaces simultaneously. 

It may be well to point out here that 
only one type of glass was tested; that 
no effort was made to vary the strength 
of the chemical solution or of its com- 
position, nor were other solutions tried. 
The length of time of treatment was 
not varied, nor were other tests made 
which are considered highly important. 
For example the nascent fluoride forma- 
tion may be a contributing factor as 
indicated by Mr. Nicholl in his work 
with the Radio Corporation of Amer- 
ica in which it was found that excel- 
lent results’ may be obtained from 
chemical vapors. Unfortunately the 
writer’s military duties necessitated ac- 
tivities which did not permit exhaus- 
tive tests to be continued toward the 
end of 1941, therefore proof and sub- 
stantiation of results is left to the lit- 
erature, of which a bibliography is 
appended for reference. 

To test the permanency of treat- 
ment, the lenses were weathered three 
cold days and washed with soap and 
water with a light transmission of 
15.7% and 11.9% above the untreated 
glass. Again placed outside for weath- 
ering for six days, during which time 
the temperature attained a high tem- 
perature of 88°F. and low temperature 
of 8°F. below zero, with a full range 
of rain, sleet, snow, ice, thawing and 
melting in a dirty, smoky atmosphere 
as only St. Louis formerly produced, 
the increase in light transmission re- 
mained at 14.6% and 10.0% respective- 
ly after washing. 

The lenses were placed in water 
which required 55 minutes to reach the 
boiling point, after which they were 








" tends 





boiled vigorously for one hour or a 
total immersion time of one hour fifty- 
five minutes. Measurement of light 
transmission qualities indicated an in- 
crease in transmission over the un- 
treated lens as 16.2% and 13.5% re- 
spectively. The lenses were so hot and 
the cooling so rapid that many of the 
sharp edges of the prismatic rings 
chipped off. 

Next the glasses were subjected to a 
48-hour ordeal of smoke and tan from 
a very poorly adjusted oil pot. After 
cleaning with rags and an abrasive 
scouring powder the lens looked clean 
but measured only 13.6% and 9.8% 
increase in transmission respectively. 
Further cleaning with alcohol, soap and 
water brought them right back up to 
12.0% and 12.2% respectively. 

After these varied and arduous tests, 
the conclusion was reached that the 
treatment did improve the transmission 
qualities of the glass and that the par- 
ticular treatment was permanent for 
all practical purposes. The lens looked 
no different after treatment, except 
that it appeared extraordinarily clear 
and had a slight purplish tinge. 

Most prominent in the results quoted 
is the large percentage gain in light 
transmission after treatment of the 
lenses: 9.8% to 15.7%. This appears to 
be greater than the approximately 4% 
gain which should ordinarily be ex 
pected; however, there appears to be 
a rational basis this apparently 
extraordinary increase in light trans 
mission. The percent reflection is a func- 
tion of the indices of refraction of two 
media light strikes their c 
boundary when passing from one 
dium into the second medium. The usual 
reflection loss for plane surfaces varies 
from approximately 4% to 6% per sur- 
face as a maximum. On this basis the 
recorded results should not exceed 8° 
to 12% light increase for a plane sur 
face. Since, however, the Fresnel type 
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lens is designed so that a maximum 
horizontal directivity of the light is 
achieved, it appears reasonable to as- 
sume that an incfease in light trans- 
mission over that of a plane surface 
might be expected. By a simple geomet- 
rical proof, utilizing a convex surface 
and comparing the result to a plane 
surface, an increase slightly greater 
than measured in this experiment re- 
sults. This is on the assumption that 
100% efficiency in coating is obtained, 
which obviously, would be impossible 
to obtain, therefore the results quoted 
appear reasonable. 

An analysis of the averaged test read- 
ings after treatment reveals a maximum 
variation of 3.8% for one lens and 
3.6% for the other lens. An idea of 
the relative accuracy of the measure- 
ment and permanence of treatment is 
thus afforded. This variation is of a 
magnitude which may also account for 
the difference or increase over that 
which might be anticipated. Had not 
such a standard rigid mounting been 
used along with an aged lamp bulb, it 
is very likely the results would have 
varied more widely and might have 
been of less value. 


On the whole, the conclusion is easily 
reached that glass surface treatment 
is successful in reducing the reflectance 
from such surfaces and that an in- 
crease in transmission of light may be 
expected. As will be shown later, from 
other published works, many kinds of 
glass, and several types of treatments 
may be considered in any particular 
application. 

Major Béhar submitted the notes 
which the writer had first assembled 
to a number of highly qualified persons 
in the Optical Industry for comment 
and criticism. In reply Mr. Wm. C. 
Miller of the Vard, Inc. Optical De- 
partment, and Dr. Walter Goldstein, 
Manager of Zenith Optical Laboratory, 
were kind enough to point out that the 
work above was authentic and borne 
out by other investigators. They, as 
well as all others, indicated that values 
obtained were somewhat higher than 
usually anticipated. Dr. A. H. Bennett, 
Director of Research for the Spencer 
Lens Company, Mr. Miller of Vard, 
Inc., Mr. W. P. Strickland of the 
Simpson Optical Manufacturing Com- 
pany, and N. Brewer, Chief Engineer 
for Fischer & Porter, emphasized that 
the coatings or etchings on glass sur- 
faces should be % wave-length in 
thickness or some odd-numbered multi- 
ple of that thickness. Apparently the 
treatment given was approximately %4 
wave-length in effect, as can be de- 
termined from data given; a second 
treatment of one lens giving no appre- 
ciable increase in light transmission. 

Mr. Lloyd Motz, Director of the 
Optical Engineering Laboratories, sug- 
gested that an easy method which can 
be tried by an amateur without the use 
of complicated and expensive appara- 
tus is the immersion of the glass sur- 
face in a dilute solution of sodium 
silicate. 
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A 26% brighter screen image in this contour measuring projector results from an 
flection coating applied to condenser lenses. The coating is of the evaporated-film type devel- 
oped by B&L to increase the light transmission of binoculars, telescopes, and phot 


(Bausch & Lomb Optical Co.) 


Dr. Walter Goldstein, Manager, Ze- 
nith Optical Company, Dr. E. N. Del- 
Fosto of the Research Department, 
Semon Bache & Company, Mr. N. 
Brewer of Fischer & Porter, and Mr. 
Ferdinand Schurman, President, Fish- 
Schurnman Corporation, were kind 
enough to suggest that this article 
would be of general interest to the In- 
strumentation fraternity. Dr. Richard 
S. Morse, President of the National 
Research Corporation, expressed his 
pleasure over the bibliography which 
had been assembled. 

A most interesting explanation of 
the reflection phenomena, together with 
a very readable account of the whole 
subject is contained in Dr. Hubert U. 
Brueckner’s letter to Major Béhar, The 
writer is happy indeed to quote this let- 
ter practically in its entirety with the 
kind permission of Dr. Brueckner and 
Binswanger & Co. of Tennessee with 
whom he serves as Director of the Lab- 
oratory Optics Division: 

“Your letter of the 2nd of September 
brings up an interesting subject. I will 
attempt to give you as much informa- 
tion on the subject as I can without be- 
coming too involved in either mathe- 
matics or optics. 

“As I recall, it was about 1892 that 
H. Dennis Taylor, who at that time 
was engaged in the business of repair- 
ing lenses, observed that dull appear- 
ing lenses—lenses that were tarnished 
—transmitted more light than perfect- 
ly clean lenses. He surmised this to be 
due to a reduction in surface reflec- 
tion and proceeded to experiment by 
artificially tarnishing lenses. He dis- 
covered that a lens tarnished with hy- 
drogen sulphide increased its trans- 
missibility without affecting the quality 


of the image, however, this film was 
very easily removed and did therefore 


not prove practical. 


“Serious experimenting along these 
lines was again resumed during the 
First World War when it was found 
sodium 


that such materials as acid 


nti-re- 


lenses 


phosphate, boric acid, nickel sulphate 


copper sulphate, potassium dichromate 
and many other substances produced 
stains that were more or less stable and 
increased the transmissibility of lenses. 

“Now whenever light is caused to 
another 
is sufficient difference be 


pass from one medium into 
and there 
tween the indices of refractio1 


of 


media, a certain percent of th 
will be reflected at the boundary 


% reflection = ( : 
ner Ny 


“This gives the percentage of | 


i 
a) 


reflected where ; and ne are t 


dices of refraction of the two media 
“Where the media are two piece: 


optical glass either in contact 


the 


mented in contact, the percentage 


light lost will be found to be nes 
about 0.2% or less. However, t 
of light by reflection at glass ai 
daries is about 4% to 6% and 
in the case of a lens having s 
air surfaces results in a loss « 
“Aside from the loss of light 
ing power, an optical system, \ 
it be for visual or photograph 
can be made more efficient by | 
treating all glass air surfaces s 
reduce reflection to a minim 
confine it to an unimportant 
the visual or photographic s| 
Stray light thus eliminated f 
optical system would have b 
cause of ‘ghosts’ and reduced « 
and detail especially in the cas: 
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Two overlapping glass disks with central areas coated with magnesium fluoride to reduce re- 


ybject would be viewed against a 


bright background. 


“Now reduction and confinement of 
reflection to an insignificant portion of 


spectrum can be accomplished in 


one of two ways; the principle involved, 
however, is the same in either case, 
namely, interference. The glass may be 
surface etched to a depth of % wave- 
length by immersion in a solution of or 


sure to fumes of certain acids. The 


acids to be used, so that complete con- 


may be had over the operation at 


all times, depend upon the chemical 


osition of the glass. The etching 


must be stopped at the right instant 
r the lens may be ruined. Here you 
recognize 
method. Sodium fluoride solution works 


Commander  Seielstad’s 


y well with the boro-silicate heat- 


resistant glasses of which lighthouse 


» of ligt 
re the in- Me (enses are made. However, for use with 
vo media. | Precision optics such as are found in 
pieces instruments—the application in which 
et or ce Me believe you are interested—a film is 
ntace leposited upon the glass. For optimum 
egligible, § ©Mditions of a glass air boundary, the 
t ss | tlm should have a thickness of % the 
air bou vave-length of the light to be trans- 
A this mitted and a refractive index equal to 
je ass ‘he square root of the index of the 
of % glass, 
t- he “As mentioned before, various sub- 
whethe stances have been tried and of these it 
ric work was found that the fluorides produce 
proper the ‘hardest’ films or coats. Magnesium 
SO as fluoride is generally used. It has an in- 
jum al lex of refraction of about 1.38. From 
part tis it can be seen that it is slightly 
pectrum more efficient with the high index or 
1 the # ‘lint viasses; however, the loss in effi- 
eon the ciency with the crown glasses is so 
contrast —_ and the coating so comparatively 
e where ura 


ble that magnesium fluoride is now 








flection. Note reduction of reflection-caused glare, and the increased visibility over the coated 
areas. (Courtesy Scientific Instrument Division, American Optical Co.) 


used regardless of the index of the 
glass with which it is used. 

“It is applied by evaporation in a 
high vacuum, about 3 X 10-4 millime- 
ters of mercury or less, the molecules 
of magnesium fluoride condensing on 
the surface of the lens, thus coating 
it. The thickness of the film is judged 
by the color of the reflected light. This 
may be done either visually or by 
means of the photoelectric cell. Today 
every well-equipped optical shop has 
a lens coating department. The Optics 
Division of the Binswanger & Company 
coats hundreds of optics daily for the 
use of our Armed Forces. Our coatings 
are substantially as hard as the glass 
itself, and it has been found that they 
improve with age. 

“Hoping this brief review gives you 
the information you sought, I want to 
point out that we will be happy to 
answer any further questions you may 
have on the subject.” 

Technical literature (a short list of 
references is appended for conveni- 
ence) explains this phenomenon on the 
basis of destructive interference set 
up by a film one-quarter wave-length 
in thickness. The film may consist of 
a molecular layer floated on the surface 
and may be built up to a number of 
layers as desired. This process was 
developed, with widest publicity, by Dr. 
Katherine B. Blodgett of the General 
Electric Company’s Research Labora- 
tory. She found that by dipping glass 
46 times in a water bath covered with 
a monomolecular film of cadmium ara- 
chidate and arachidic acid, a film of 
required thickness was established on 
the glass. Washing with hot acetone 
reduced the index of refraction to a 
proper value. 


Dr. John Strong of the California 
Institute of Technology developed, on 
theoretical grounds, that if a film one- 
quarter wave-length in thickness and 
with an index of refraction equal to 
the square root of the index of refrac- 
tion of the glass upon which it is de- 
posited, the intensity of light reflected 
would be zero. He obtained such a film 
by using high-vacuum evaporation 
technique. It is stated that the reflect- 
ance of his plate-glass specimens was 
reduced from 4 to 0.6 percent. This 
corresponds to an increase in total light 
transmitted from 92 to 99 percent for 
a glass treated on both sides. 

A method similar to that used in the 
tests given above has been well pre- 
sented by F. H. Nicholl of the Radio 
Corporation of America. He gives 
curves and charts for the types of so- 
lutions as well as the _ percentage 
change in reflectivity for length of time 
the glass remains in solution. Various 
types of glasses are also considered. 


Use is made of treated lenses in 
various photoelectric cells and tubes, 
cathode-ray and television tubes, icono- 
scopes, optical systems for sound re- 
cording and reproduction and for pho- 
tographers’ lenses in newspaper and 
movie work. It is interesting to note 
that the definition and resolving power 
of lenses are definitely increased and 
that there is a noticeable improvement 
in image contrast and brillance. At the 
same time, flares, or ghosts obtained 
when photographing into a bright light, 
are eliminated. In William C. Miller’s 
résumé of the subject an example of a 
photo shot at the sun giving 13 image 
flares is reproduced beside a _ scene 
taken by a treated lens under the same 
conditions in which only a faint single 
flare is found back of a well-defined 
image of the sun. Other photographic 
reproductions are startling revelations 
of gains obtainable for treated glasses. 
Apparently the betterment is not all 
a matter of mathematical percentages 
but an actual visual gain. 

Amusingly, most persons have ob- 
jected to glass surface treatments be- 
cause of the tarnished appearance of 
the surfaces. This tarnished condition, 
however, was the cause of the original 
investigation into surface treatments. 
In 1892 the famous lens designer H. 
Dennis Taylor made careful measure- 
ments on such surfaces and found that 
instead of harmful effects the tar- 
nished lenses produced images measure- 
ably brighter than did identical new, 
untarnished lenses. Subsequently he 
and others developed a chemical treat- 
ment to produce improved surfaces. 

As amusing as is the reticence of 
most persons to use a “tarnished” lens, 
it has been reported that one movie 
studio achieving a peak screen illum- 
ination of 24,000 lumens with untreat- 
ed projection lenses found an illum- 
ination of 30,000 lumens after treat- 
ment. Instead of a usual 10% to 20% 
gain, previous gains which were made 
subjects of loud rejoicings, a total gain 
of 6,000 lumens (25% in this case) 
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was actually found. A reason, indeed, 
for examining treatments of glass sur- 
faces! 

Frank L. Jones gives a highly illumi- 
nating account of the fragility of op- 
tical surfaces, analyzing the various 
surface effects and giving detailed ac- 
counts and reasons. A table of dura- 
bility tests for optical glasses is given 
as well as a description of certain 
stabilization methods used. No doubt 
the greatest surprise of his revelations 





Aw” 


Four instrument cover glasses 21” in diam- 
eter and 1” thick are shown on a piece of 
black wrapping paper, two before coating, 
two after coating. Illumination was a stand- 
ard overhead lighting fixture with three 36” 


“‘daylight’’ fluorescent tubes. The four disks 
were so arranged as to reflect max’mum glare 
toward the camera. The reflection-reducing 
film consists of 4-wave thickness of magnesi- 
um fluoride. The thickness of the film was so 
chosen as to reflect a minimum amount of 
light in the neighborhood of 5,500 A.U., the 
yellow-green region of the visible spectrum. 
The purpose of this application of the film is 
to reduce visible glare from the individual 
cover glasses of a large instrument panel. 
(From an unretouched photograph made witb- 
out filter on a panchromatic emulsion; cour- 
tesy Binswanger-Henkin Industries.) 


is the affinity of glass and water. He 
states that every time a lens comes 
in contact with water, whether by 
washing, with vapor in the air, con- 
densation, or touching with the fingers, 
some reaction takes place. A reading 
of his article is highly recommended, 
and it is suggested that notes be made 
from the article and brought to the at- 
tention of everyone using glass 
whether eyepieces or magnifiers, hard- 
ness testing microscopes, regular mi- 
croscopes, phototubes, electric-eye ap- 
paratus, instrument telescopes—in fact 
any glass or lens through which light 
must pass unaltered. 

While the test given in outline above 
was made out of curiosity; was so 
simple, inexpensive and yet proved of 
such value; it, together with the addi- 
tional investigation of the quantitative 
work of others, reveals a vast, fertile 
field for further research. It is under- 
stood that most large optical companies 
are now prepared to give service on 
eptical element treatments. 

These, so far as known to the writer, 
include Binswanger & Co. of Tennes- 
see, located at Memphis, Tennessee; 
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Vard, Inc., Pasadena, California; 
Spencer Lens Company, Buffalo, New 
York; Simpson Optical Manufacturing 
Company, Chicago, Illinois; Optical 
Engineering Laboratories, New York 
City; Fischer & Porter Company, Hat- 
boro, Pennsylvania; The Bausch & 
Lamb Optical Company, Rochester, 
New York; The Eastman Kodak Com- 
pany, Rochester, New York; The Corn- 
ing Glass Works, Corning, New York, 
the Radio Corporation of America, Har- 
rison, New Jersey, and the National Re- 
search Corporation, Boston 15, Mass. 
This last-mentioned firm was, it seems, 
the first one to produce low-reflection 
coatings on a commercial scale: back in 
1940. 


Methods in use today for producing 
low-reflection surfaces follow the basic 
techniques => 


1. Mechanical application of films. 
2. Chemical etching. 

3. Vapor etching. 

4. Evaporation in high vacuum. 


Mechanical application of film may 
be accomplished in the manner of Dr. 
Blodgett by floating molecular films on 
the surface to the depth required and 
reduction to the proper index of re- 
fraction by further chemical washing. 
Or it may be by simple immersion as 
pointed out by Dr. Lloyd Motz in his 
experiments with a dilute sodium sili- 
cate solution. In general this method 
does not develop a sufficiently hard 
coating, nor has the coating the de- 
sired permanence for most applica- 
tions. 


Chemical etching of the surface is a 
good method and a number of sub- 
stances can be used. In this is rec- 
ognized the method used by the writer. 
For glasses with irregular contours 
this method may prove most conven- 
ient. It is considered that the glass 
surface is etched by this process and 
a most intriguing argument may be 
developed over this question since glass 
is a heterogeneous mixture rather than 
a solution or homogeneous mixture. 
Complete control of this process is es- 
sential, otherwise a good surface may 
be ruined. Borosilicate type glasses 
respond well to this method. Chemicals 
used are generally of the halogen 
group, essentially fluorides and iodides 
in combination with metals. This 
method was developed by F. H. Nicoll. 
whose paper gives greatly detailed in- 
formation, as well as a description of 
the vapor etching method. 

In vapor etching a glass is supported 
so that the fumes or vapors from a hot 
chemical solution can freely pass over 
the surface of the glass. Greater con- 
trol of the process can be achieved and 
it is not as detrimental to the glass 
as the complete immersion of the glass 
might be under poor control conditions. 
This seems to be the preferred chem- 
ical treatment. F. H. Nicoll developed 
the method to its present state of per- 
fection. 

Evaporation 


of metallic fluorides, 


generally magnesium 


highly evacuated chamlx rok 
in Dr. Brueckner’s letter ©. oteq ia 
is the method in most genera} sp > 
John Strong developed theory 
this method, and C. A. Cartwrigh; ‘ 
veloped the practical me‘ ta . 
cation. Ppt 
Caution is required in setting y 
of a lens treating department foy mal 
of the processes are covered hy patents 
Incidentally it may be of terest fy 




































right-! 


Left-hand half untreated; 
treated. (Courtesy Vard Inc.) 


those considering the development of 
review 


such lens treatment to 


optical requirements for suc! 
ments as set forth in Cartwrig 
dated 2% 


S. Patent 2,281,474 
1942, in which the value of th 
tion of a non-reflecting film 
oughly considered. 


Reduction of reflectance fro: 


surfaces may appear to be 
quential when a maximum gai! 
4% per surface is anticipat 
gain appears only between 


surfaces or surfaces which h: 


r 


siderably different indices of 
tion. However, that office cloc! 


quently just not see-able bec 
that small reflection. Likewise ' 


changes because of parallax 
shifts his head to see the hai 
thermometer or manometer, 
similar tubular device, a reflect 
prove serious in upsetting th« 
The discomfort caused the ob 
simply not measurable. 

Those advantages gained | 
treatment of surfaces as the c 
thermometer, indicating in 
glass-covered picture or cha 
cases or windows, and so 
practically insignificant — 1 
moment’s thought reveals that 
considerable in the case of ! 
ment lenses—a camera lens 

(Continued on page 564 
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uch treaty N the publicity attending the recent 
vrights’ U. inauguration of the mammoth new 
28 April, wind-tunnel of the Curtiss-Wright 
the deposi orporation at its Airplane Division 
n ‘esearch Laboratory, Buffalo, N. Y., 
as been said about the instru- 
"Yo! nent engineering involved. The expla- 
eine lation of this is in the fact that despite 
in of onlygthe huge proportions of the wind-tunnel, 
ited. Thisfithe control instruments are relatively 
g1ass-alre i~bor and, in spite of the ex- 
ha Coh-Mtraordinarily wide range of test condi- 
of refrac ns, the operations of the control in- 
ck is fre@truments are comparatively simple. 
ecause OM The installation does, however, have 
> the ume@its unusual and interesting features. 
x as OnM@ While it seldom is necessary, in these 
nds, On @imodern times, to cite reasons for the 
al se of automatic control instruments, 
mé) Hithe objectives in the Curtiss-Wright in- 
Ing ation might be stated thus: (1) to 
serve isure control of test conditions with 
_ Mm recision and dependability; (2) to pro- 
: se vide the desired test conditions, with 
pie maximum economy of time, power, and 
me Bpersonal attention; (3) to insure the 
si" BSafety of material, personnel, and the 
"% -@nd-tunnel itself, against operational 
a accider ts. In econnéction with the wind- 
+ ele = pressure control system, the con- 


trument is of the recording type, 





The control room shown in the front-cover photo (from Cardox Corp.) may be seen left of center in this artist's cut-away drawing 


to meet a further objective: (4) to pro- 
vide accurate chart records of test op- 
erations. 

This article deals only with the in- 
strumentation for the operational con- 
trol of the wind-tunnel. It is not con- 
cerned with the many instruments em- 
ploved in the actual testing of models. 

The Curtiss-Wright wind-tunnel is 
like a huge oval doughnut, 378 feet in 
circuit length, and containing as much 
steel as goes into a heavy Navy destroy- 
er. Its air volume is 210,000 cubic feet, 
equal to that of sixteen six-room houses. 
Two fans, 22 feet in diameter and work- 
ing in tandem, provide any desired wind 
velocity up to many times tornado speed. 
Air pressure up to 60 lbs./in.? gage, or 
approximately four atmospheres, is fur- 
nished by four heavy-duty compressors. 
At the other end of the pressure range, 
the tunnel may be evacuated to a pres- 
sure of 4 lbs./in.? absolute, equivalent 
to the minimum pressure encountered 
in flight at 35,000 feet. 

Actual testing is done in the test 
chamber (sometimes inappropriately 
called the “sphere’’), a tunnel section 
measuring 8'2 by 12 feet and capable 
of being sealed off from the rest of the 
tunnel by two air-tight doors. A third, 





















nstrumentation of the Curtiss-Wright Wéind-tunnel 


By NELSON W. BURTT, Engineer, The Foxboro Company, Foxboro, Mass. 


similar door gives access to the test 
chamber from _ outside large 
enough to permit scale models with a 
wing-span up to 10 feet to be brought 
in on a test cart or platform. 

Automatic control of static pressure 
within the tunnel and test chamber is 
provided by a Foxboro recording pres- 
sure controller, with a scale range from 
30” mercury vacuum through zero to 
65 lbs./in.- pressure. An external set- 
ting knob permits the control point of 
the instrument to be set wherever de- 
sired, within this range. The controller 
which is of the on-off type, pneumatical- 
ly control : 


two parallel bleed valves, through which 


and is 


s the valve motor in either of 
air is vented when the reaches 
the predetermined control point, or air 
is admitted when the desired vacuum 
point is reached. 
are of 4” and 6 
Test operations are controlled from a 
console in the control room. Only three 
men are required: a power operator, a 
balance operator and a tunnel control 
operator. The test chamber having been 
sealed off from the rest of the tunnel, 
the model plane is securely installed in 
place, the outside door is closed air- 
(Continued on page 566) 


pressure 


The two bleed valves 


diameter, respectively. 
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YR the purpose of computing engi- 
Pheeering data it is often convenient 

to record on a single chart, by 
means of a recording potentiometer of 
conventional type, the simultaneous out- 
puts of several thermoelectric junctions 
and the high-potential fluctuations in 
the corresponding automatically-con- 
trolled heating circuits. 
When it is attempted to apply such 


+ 


71 
12) 





3 


Te ceil for 
automatic 


circult breaker 


a method to some industrial installa- 
tions, difficulties may arise from two 
sources: (a) the existence of a com- 
mon point for the thermocouple lines 
and the high-potential line, through the 
potentiometer circuit; and (b) the gen- 

, eration of stray currents in the complex 
circuit thus established. 

The presence of a common point in 
the circuit is most troublesome. Indeed, 
most industrial a-c. or d-c. power sup- 
ply lines are 3-lead balanced lines with 
the middle (so-called neutral) wire un- 


grounded. In such circuits, any acci- 


dental grounding of either one of the 
two “live” legs, even through a high 
resistance, shifts the potential of the 
“neutral” wire away from ground po- 
tential. If this were to happen wher 


the “neutral” wire is connected to the 
“eommon” terminal of a potentiometric 
thermoelectric installation, the potenti- 
ometer would be immediately ruined by 
the short circuit to ground through the 
relatively low resistance of the thermo- 
couple insulation and the almost un- 
avoidable and frequently required con- 
nection of some part of the circuit to 
the housing of the instruments and to 
ground. 

The eventuality of one power line be- 
coming grounded can usually be detect- 
ed by means of the auxiliary circuit 
shown in Fig. 1. 

When switch S is on, the two glow- 
lamps glow unequally, the brightest be- 
ing on the side of the grounded wire. 
An automatic circuit-breaker can be 
operated by the eventual drop of poten- 
tial taking place in the resistor r in this 
case. In several industrial installations 
we found the leaks to ground averaging 
as much as 500 to 700 watts, the “neu- 
tral wire” being at 70 to 90 volts above 
ground potential. In these installations, 


Page 538—IJnstruments—Vol. 18 


Multipoint Potentiometric Recording of High an: 
Potentials in Grounded Installations 


By RAYMOND JONNARD, The Warner Institute for Therapeutic Research, New York. 


an automatic circuit-breaker cannot ef- 
ficiently protect the fragile contacts of 
a recording potentiometer. 

In order to obviate this difficulty, the 
following general-utility circuit was de- 
signed. It has been tested over a pro- 
longed period of time. 

The circuit is shown in Fig. 2. It is 
derived from that of Roberts!. The sym- 
bols H,, He and Hz refer to the sev- 


+ 





7L _ 
Oo 
C240 volts 









At balance one has: 
Rx/R; = (L+ R. 
When the resistance } 
Rr + aR, an e.m.f. e is ; 
tween the points a and b « 
This e.m.f. is given by th: 


e =I (R;.dH)/R;, 


where I is the current flow 
H. 
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elements under control, R: 
being the total load resistances involved, 
and L a 1-watt glowlamp. The values 
of the resistors R;, Ro, Re, Ry and R: 
can easily be adjusted according to th 
power consumed by the elements H, by 


means of the relations given below. 


1 } : 
eral neating 


The functioning of this circuit differs 
from that the circuit devised by 
Roberts in that the total resistance R 
is practically independent of the tem- 
perature but varies by steps according 
to how many of the elements H are 
thrown into circuit by the automatic 
controller (or controllers). A relatively 
high steady current flows from point a 
to ground through R; -R»-R-;, and 
through H-L-R»e and R;. The potenti- 
ometer connected to the terminals P 
(with its “common terminal” connect- 
ed to P™) responds to any unbalance 
of the bridge resulting from a change 
in the compound resistance Rr, when 
the temperature controller (or control- 
lers) throws the elements H alternately 
on and off. 


(1) Howard 
trol of laboratory 
stone bridge 


of 


S. Roberts 
furnaces by the 
method. Temperature, 
Measurement and Control in 
Industry. Reinhold Publ. Corp., 
1941, pages 604-610. 
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The deflection recorded is 
ent of the potential KF of the p 
but the instrument 
potential variations resulting 


records 


variations dH, and the variat 
the line potential. The valu 
creases with the resistance 





deflection due to the potentia 
amount to about 10% the 
line voltage: this is more th 
times as large as the defiectio S 
by the accidental fluctuations 

line voltage. The stepwise va 
current accompanying each 

the temperature controller are 
recorded, and the circuit has t] 
advantage of giving informati 

the variations of the line volt 

to the functioning of the hea 
stallation itself as well as abo s 
due to all other external caus: 
as, e.g., starting an elevator) 
bridge were grounded at poi! 
usual, the effect of the line volta 
ations would be much more it 
(relatively to the effects of heat 
changes). 

When all the elements H aré 
cuit, the instrument records a n 
deflection which reflects the v: 
of the line voltage due to 
causes. This voltage applied 


of 





(1) 
becomed 
erated bel 
l€ cireuit 

‘ ation: 
H . (2) 


: through 












an ivanometer of the poten- 
ugh R; generates in R; 
h current. But with the 
d of grounding the circuit 


a rea requires considerably less 
hunting o: the galvanometer (through 
, section of resistor R;) than when 
oint ‘ounded. As a consequence, 
he sens ty of the potentiometer to 
the va ns of the e.m.f. e is in- 

ease 

It sh be remarked that a similar 
brrang’ t was proposed by Ribaud? 
Hor the ply to a pyrometric lamp by 
he so-called “method with constant re- 


sistance.” But obviously, with the low 
voltage juired in this case, little en- 
had to be dissipated by the vari- 
ous resistors, and grounding of the cir- 
cuit was not necessary. However the 


ergy 


(2) tave Ribaud. Traité de Pyromé- 
tr Revue d’Optique Théorique et 
Instru le, Paris, 1931, page 335. 


complete theory given by 
also for the circuit described here. 

For operation on an a-c. power line, 
a Cenco No. 94180 vacuum thermocou- 
ple rectifier can be interposed at points 
P between the bridge and the recording 
potentiometer, and the contact on R; 
adjusted in order to obtain a proper 
deflection after rectification. 

White* called attention to the im- 
portance of correctly shielding the ther- 
moelectric lines in order to protect sen- 
sitive potentiometric measuring appa- 
ratus from the effects of stray currents 
generated by either a-c. or d-c. power 
lines in the vicinity. In the circuit de- 
scribed, there is intermixing between 
power lines and thermocouple lines: 


(3) Walter P. White. Potentiometers for 
Thermoelectric Measurements. Temperature, 
Its Measurement and Control in Science 
and Industry. Reinhold Publ. Corp., New 
York, 1941, pages 265-78. 

and: Leakage control in shielding. Jbid, 
pages 279-83. 


Ribaud holds 






grounding of the thermocouple connect- 
ing boxes and line shields would not be 
enough to prevent stray currents from 
affecting the readings. But it is to be 
remarked that one of the potentiometer 
terminals is directly grounded. Conse- 
quently this same terminal can also be 
electrically connected to the sheath of 
the thermocouple lines, the shell and 
any other metallic parts of the ovens or 
other heated units, and possibly one or 
several of the thermocouples themselves. 
This arrangement thus becomes similar 
to that recommended by White for the 
potentiometric measurement of a cur- 
rent through a coil. It has also the ad- 
vantage of effectively shielding against 
stray currents and stray a-c. fields 
causing asymmetrical electrostatic at- 
traction between the galvanometer coil 
and the poles of the magnet inside the 
recording potentiometer, a circumstance 
frequently encountered in large indus- 
trial buildings. 


Errors Resulting from Using Compensating Leads With 
Chromel-Alumel Thermocouples’ 


By JOSEPH SPACEK, Aluminum Co. of America, Kansas City, Kansas 


WO factors are usually taken into 
consideration when installing ex- 


tension lead wires in use with 
chromel-alumel thermocouples—cost and 
curacy. Of these two, accuracy is 
lealt ith too lightly, and in many | 






eee 


ses the installer, instead of using true 
1 alumel extension lead wires, 
tead use so-called compensating 
lead wires, since the cost in a large in- 
stallation is considerably less. 
and nickel-copper extension 
é res are generally used in con- 
junction with chromel-alumel thermo- 
iples. Referring to the diagram, it is 
Vious to see that the junctions X, be- 
tween chromel and copper, and Y, be- 
alumel and copper-nickel, each 
epresent a thermocouple exactly the 
same as does the hot junction of the 
hromel-alumel wires. 





xT , 
vee 


These two junctions are therefore two 
s of e.m.f’s. The e.m.f. generated 
at X acts in opposition to that of the 
iot junction of the thermocouple, while 
he one at Y acts as a booster on the 


Son re 
AUT CE 


ermocouple. Therefore, the e.m.f’s. at 
Y and Y oppose each other, and if they 
were of equal values, the one would 
_ "Substance of a talk before the Kansas 
Lity Industrial Instrumentation Society, 
Aans City, Missouri, February 27, 1945. 


Copper 


Compensating Leads 
“a 
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Nickel-copper 


compensate for the other. Hence the 
term “compensating” lead wire. 

It is a common belief that these 
e.m.f.’s do compensate each other. But 
with the present-day pyrometer made 
with such a high limit of accuracy, it 
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Alumel 
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will be interesting to see just how close 
this compensation really is. If the com- 
pensating leads do not compensate, this 
fact entirely nullifies the fine accuracy 
of the instrument and the chromel- 
alumel thermocouple being used. 

Since the junctions X and Y are the 
connections between the lead wire and 
thermocouple, it is obvious to see that 
they will be located close to the hot fur- 
nace in which the thermocouple is in- 
serted. Often they attain a tempera- 
ture in the neighborhood of 300°F. 

If the compensating leads actually 
compensated, this high temperature 
would -have no significance. The fact is, 
they don’t compensate, which introduces 
an error, as will be shown. 

Based on U. S. Bureau of Standard 
figures: At 300°F., chromel vs. copper 
X, generates 3.07 millivolts, and at 
290°F., 2.94 millivolts. 

Based on published specification val- 
ues for the nickel-copper combination: 
At 300°F., alumel vs. nickel-copper Y, 
generates 3.51 mv., and at 290°F., 3.38 
mv. 


CASE 1: If X and Y are each : 
it means that there are 3.07 mv. at X 
opposing the e.m.f. of the thermocouple, 
while there are 3.51 mv. at Y, 
to the e.m.f. of the thermocouple. These 


adding 


figures should be the same, but they 
Hot 
Junctio n 

are not, and the resultant « s thei 
difference, or 0.44 my equ ent ¢ 
adding a plus error of 20°F. 

CASE 2: Suppose that YX is at 
and Y at 290°F. In this case, as al 
3.07 mv. oppose the thermocouple. while 
3.38 mv. add to it. This makes a plus 
error of 0.31 my r 14°F. 

CASE 3: Nov t X at 2 F. 
Y at 300°F., the reverse of Case (2) 
This means 2.94 1 se tl 
thermocouple, with ln woosting it 
causing a plus error of still greater 


magnitude of 0.57 mv., which is equiv: 
lent to a high re: 
Therefore, in the neighborhood 


300°F., a plus error exists ranging fron 


14°F. under the best conditions, to 
26°F. in case of slightly uneven heat- 


ing of X and Y. 

The above errors \tirel) 
eliminated by using lead wire of the 
same 1 as the thermocouple, 


can be entirely 
material 
thereby actually extending the thermo- 
couple clear to the instrument. 
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HE highly important part that 


metal bellows have played in the 


present global war merits the full- 
est possible recognition compatible with 
military security. 

The commonly accepted definition of 
a metal bellows is, “a flexible, expansi- 
ble, and collapsible metal vessel consist- 
ing of a series of annular plates having 
their inner and outer circumferences 
joined together by curved surfaces.” 

In peacetime, this 40-year-old device 
was used in heating, ventilating, refrig- 
eration and automotive thermostats, 
thermostatic traps, shaft seals, control 
valves, regulators, measuring and con- 
trol instruments, and for similar pur- 
poses. In wartime, it has been outstand- 
ing in the field of remarkable techno- 
logical developments. American scien- 
tists and engineers have chosen metal 
bellows to effect the sensitive, precise, 
and dependable action in countless in- 
ventions which are destructive to the 
enemy and a boon to the Allied armed 
forces. 

In mines, depth charges, aerial tor- 
pedoes, and bombs, metal bellows un- 
leash devastating power. In airborne 
uses, the device serves both plane and 
for practically every essential 
need from landing gear to anti-black- 
out suits. The various oxygen regulators 
whose proper functioning is the guard- 
ian of a man’s life at high altitudes, the 
cabin heater controls which combat the 
bitter numbing cold of the stratosphere, 
the turbo-superchargers and fuel in- 
jection devices that speed the planes, 
the engine indicators and thermostats 
that protect the power plants, the navi- 
gation aids that guide their flight and, 
finally, the fire control mechanisms, all 
use in single or multiple stages this in- 
genious little unit. 

In military vehicles, in Navy, and 
Maritime vessels, in communication 
equipment, in electron equipment, in 
secret, special mechanisms, and in in- 
dustrial, medical, and research instru- 
ments, it performs a multitude and va- 
riety of services that are unique, mostly 
new, and vastly important. 

Functionally, the major basic uses of 
a bellows are: (1) To accomplish baro- 
metric compensation; (2) to accomplish 
fluid or pressure seals on rotating shafts 
or moving stems; (3) to act as an in- 
tegral part of flexible couplings; (4) 
to provide for fluid expansion in closed 
vessels; (5) to act as an expansible 
member as in pressure and tempera- 
ture indicating, recording, and control- 
ling instruments, and (6) to transmit 
motion as in valves and regulators. 

By method of manufacture, metal 
bellows fall into two broad categories: 
(1) Formed from a tube; (2) built up 
by soldering or brazing a series of 
formed disks. 


crew 
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METAL BELLOWS—An Outstanding War Device 


By J. E. HART, Industrial Instrument Branch, War Production Board, Washington, D. C. 





Most metal bellows are made from 
thin gage metal varying between limits 
of 0.004” and 0.010”. Brass, bronze, 
Monel, stainless steel, and beryllium 
copper are suitable materials, with 80- 
20 brass being most commonly used. 
Sheet metal is the base from which the 
tube is formed by the cup and draw 
method. After the tube has been proc- 
essed to the bellows is formed 
either by a series of rolling operations 
deepening the corrugations successively 
as desired or by hydraulic forming with 
internal pressure and endwise mechani- 
cal movement on a split collapsible die. 

From the engineering viewpoint, the 
main considerations in a bellows are: 
(1) The spring rate or flexibility; (2) 
pressure resistance; (3) mean effective 
area; (4) life. 

Bellows procurement is a matter of 
months, not weeks. The manufacture of 
a plain metal bellows, even with mate- 
rial, tools, and dies available, is a time- 
consuming process. The die changes in 
the series of drawing operations and 
the in-between annealing, pickling, and 
trimming of the severely worked metal 
is a slow procedure, at best. 


size, 


More than 25 separate operations in 
the formation of a bellows are not un- 
usual. The extremely thin wall of the 
tubes requires perfectionist treatment 
in set-up, handling, and _ inspection. 
Owing to the absolute need for depend- 
able functioning and maximum life, re- 
jects are high, unavoidable production 
gaps caused by faulty material or tool 
and die deterioration are frequent and 
sometimes result in complete loss of ma- 
terial procurement and manufacturing 
time on individual batches. Small-quan- 
tity runs, the necessity for changing 
furnace operations for different metals, 
and sudden upsets in schedules for va- 
rious other reasons, usually have seri- 
ous effects on production goals. 

A bellows assembly which may be a 
complete packless valve, turbo-super- 
charger regulator, bubble type sextant, 
servo unit, or one of a great many other 
necessary adjuncts to modern military 
equipment, complicates the purchasing 
problem. Sub-contracting on a _ wide 
seale is undertaken of necessity, and 
large quantities of anti-friction bear- 
ings, fractional h.p. motors, castings, 
forgings, and machined parts are used. 

Five companies in general comprise 
the bellows industry. One is the primary 
advocate of “built-up” bellows. Another 
works solely in the field of stainless 
steel. The remaining three are almost 
exclusively manufacturers of tube type 
bellows produced by rolling and/or hy- 
draulic forming. A few other companies 
manufacture limited types, but only for 
incorporation in their own special prod- 
ucts. This handful of companies has 
borne the brunt of all requirements of 










































the United States and f 
British Empire. 





ENGINEERING AND PRODUCTI 





The surge of war orde 
gin to exert real pressu 
middle of 1942. By that t 
the skilled personnel in th emel 
small field had been irre\ r ioe 
mitted to other war work 
Armed Forces. As orders sv 
ume, they also increased in 
intricacy, adding engineeri: hes 
infinite detail and introducing too] 4 
sign problems and production and ma 
terial procurement difficulti 
siderable magnitude. 

Orders for sample lots, al 
all necessitating special char: 
closer tolerances, and new ti vra 
mided the work. Unusual applications 
became common occurrence, and 5 
called standard specifications 
sufficiently adaptable to lis 
load. The bellows principle s 
fit the need of most of the 1 
nological developments and, sin 
stituted the essence of many, ! 
more of the complete assem} 
was turned over to the bellow 
facturers whose techniques f 
dling, filling, and calibrating the meta 
bellows helped produce precisio: 
ments of maximum quality with mi 
mum loss. As these new creations meas 
ured up to expectations under 
full impact of the large product 
ders was felt. 

The industry faced this immense tas 
with a limited supply of special equ) 
ment and skilled personnel, but 
thorough knowledge of bellows desig 
and practice. All possible produc 
aids were explored. Responsibi 
the product, previously split at leas! 
three ways, was assigned by mutua 
consent to one industry division 
duction consultant devoted full 
a crusade for increased producti 
ter understanding, advance 0! 
and reduction of rejects by the 
as well as realistic appraisal of 
and full codperation and support 
military claimants. Through the assis! 
ance of the claimants and indust 
sions, new equipment finally w: 
cured, labor recruiting urgenci 
assigned and, in certain in 
highiy trained men were placed 
porary inactive duty from the 
Forces, to better utilize their ta 
the plants. 

Orderboard scheduling und 
Order M-293 was initiated ear!) 
orders identified by governmen 
contracts. All interested govt 
procurement agencies and as ma 
ate groups as possible were ad 
allow four months for meta! 
and six months for bellows as: 




















s of components generally 
iged to place orders with 
dules for the longest prac- 
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were € 


esent conditions, larger re- 
for plain bellows can be 
available manpower and 
provided that material can 
and that about two months 








\ the oeeasion of the hundredth 
() versary of the invention of 
| s-element pressure-measuring 
trument the Journal of Scientific In- 
tous : (London) published in its 
144 issue a long article entitled 
listory of Pressure-responsive 
;’ by Dr. L. B. Hunt. This is 











be allowed for manufacturing after re- 
ceipt of material and tools. For bellows 
assemblies generally, two months should 
be added to the bellows cycle. All fore- 
seeable requirements can be met if or- 
ders are placed on time to allow for 
reasonable material procurement and 


manufacturing procedures. Late pro- 
curement, particularly on new items 


An “Exposition on Paper” of Historic Bellows 


By M. F. BEHAR, Editor, Instruments, Pittsburgh, Penna. 


famous almost overnight because his 
diaphragm-type instruments took the 
scientific and technical world by storm. 
Vidie did not develop commercially his 
seamless-tube bellows-—no doubt be- 
cause in the middle of the nineteenth 
century there was not an artisan on 
earth who could produce deeply-corru- 
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where quick deliveries are requested, 
will continue to cause trouble, since rea] 
short cuts are impossible for all prac- 
tical purposes. Inasmuch as bellows and 
bellows assemblies are scheduled fo1 
all orders bearing government prime 
contract numbers, it is recommended 
that such data always be included where 
practicable. 


was a of five capsular dia- 
phragms of silvered brass. This gage 
was for use on locomotives. The ther 
new steam railway industry offered 
commercial inducements to inventors of 
non-fragile pressure gages and that 
same year the issuance of Bour- 
don’s historic patent. 
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a fascinating account in which many 
let long buried in obscure_ records 
f f itten patent suits are told for 
the first time in a connected manner. 
Dr. Hunt’s article is profusely illus- 


ited with photographs and line draw- 
Some of these latter are the his- 
orice drawings made for the Patent 
f France. 

The article by J. E. Hart of the WPB 
evidently deals with the modern form 
f the bellows element (to which he re- 
fers as a “40-year-old device’) and spe- 
cifically with war-time applications. 
Many of these applications are secret; 
and consequently Mr. Hart’s article is 
ot illustrated. It might have been in- 
teresting, of course—if it had been per- 
missible—to print illustrations of these 
ultra-modern developments together 
with some of Dr. Hunt’s historic pic- 
tures. However, “half a loaf is better 
none” and we reproduce a few of 
» drawings from Dr. Hunt’s article. 
Most astonishing fact related by Dr. 
unt is that in 1844 the first inventor 
f a flexible-member pressure-respon- 
sive element conceived and patented the 
idea that such an element could be made 
into either of two forms: (1) a dia- 
phragm with concentric corrugations 
utmost sensitivity as in barometric 
irements, or (2) a deeply-corru- 
gated tube. 
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This man was, of course, Lucien Vidie, 


Whose name shall live forever in the 
annals of Instrtimentation because he 
desiened and named the first aneroid 


instruments. Vidie, a lawyer and ama- 
teur astronomer of Nantes, became 
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gated tubes of the requisite quality and 
uniformity. The fact, remains, however, 
that Vidie invented the seamless-tube 
bellows element at the same time that 
he invented the diaphragm element. 
Figs. 1 and 2 are both from his 1844 
patent drawings. 

The first “bellows-type” pressure gage 
of which there is any record was pat- 
ented by Louis Andrée in 1849 but—as 
may be seen from Fig. 3— its responsive 
element was not a seamless bellows: it 
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Skipping thirty-six years we come ti 
1885 when C. F. Wright patented in 
England a pressure gage having a cor- 
rugated seamless tube as its measuring 
element (Fig. 5). Eighteen years later, 
in 1908, W. M. Fulton, then Professor 
of Meteorology in the University of 
Tennessee, filed a patent for the bellows 
element which has come to be known as 
a “Sylphon” and began also his ingeni- 
ous improvements of the processes fo. 
manufacturing it. 
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XII. INDICATING AND STECTING 


(Continued ) 


DI 


INSTRUMENTS 


§ 2. ALTERNATING-CURRENT INSTRUMENTS—GENERAL 


Satisfactory indicating recording instruments for 
alternating-current applications are much more difficult of 
construction and application than are the corresponding 
instruments for direct-current use. This condition arises as 
a direct result of the characteristics of the alternating 
current. 


or 


If an instrument is to be used in an a-c. circuit it must 
have these characteristics: 

(1) It must be sensitive to magnitude of current flowing 
—either instantaneous magnitude or average magnitude; 

(2) It must respond te currents varying at a rapid rate 
—although it need not in all applications reproduce these 
variations; and 

(3) It must possess one other characteristic in addition 
to the first two—this may be frequency-sensitivity, phase- 
sensitivity, or perhaps aperiodicity, depending upon the 
desired application. 

Thus, if only magnitude of current is to be measured, 
the instrument must respond to magnitude (either effective 
peak magnitude) without discriminating against fre- 
quency. If frequency is to be measured, the instrument must 
be sensitive to magnitudes of alternating current, and also 


or 
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must be discriminatory in frequency. If wave-form is to be 
recorded, the instrument must respond accurately to the 
magnitude of the alternating current, and must follow 
faithfully each variation as it occurs. Other requirements 
will be apparent in other applications, 

As corollaries to the three eharacteristics listed, these 
general statements may be made: 

For indication of magnitude only it may be desirable to 
employ an instrument having no specific sensitivity to 
frequency—as a rectifier-type instrument, a thermocouple 
or a dynamometer-type instrument. 

For delineation of wave-form the natural frequency of 
the instrument must be high compared to the frequencies 
being recorded, and there must be no mechanical or elec- 
trical resonance within the operating range. 

For measurement of frequency (or for detecting a spe- 
cific frequency) a highly resonant system should be used. 
Greater sensitivity as well as discrimination against signals 
is thus available. 

In the particular application of an instrument as a 
bridge-balance detector, it is most convenient to use an in- 
strument sensitive to both the magnitude of the unbalance 
current and its phase with respect to the exciting current 
With such an instrument, both direction and magnitude of 
unbalance are indicated, and adjustment of the circuit is 
facilitated. 

Because of their manner of construction, a-c. indicating 
and detecting instruments have lower sensitivities than d-c. 
instruments. It is entirely possible, however, to employ 
electron-tube amplifiers to raise the level of the signal until 
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ELECTRIC GAGING METHODS 


For Strain, Movement, 
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its measurement becomes easy. Such amplific 
ble the use of certain devices which, eith 
intrinsically low sensitivity or because of th: 
caused by their presence, cannot otherwise be 
In the treatment which follows, only represe: 
of these instruments can be described; for deta 
tions—and for descriptions of other instruments 
should be made to the extensive literature. 


§ 3. 


A-C. INSTRUMENTS: MAGNITUDE-SENSI’ 
The most elementary class of a-c. instrument 
those sensitive to magnitude only. Such instrw { 

ordinarily employed for indicating average or r-n 


of current or potential and are used only in circuits cary 


ing sinusoidal currents; they are not capable of 
indication of currents of irregular wave-form. 
common forms of these instruments are the dyna 
type instrument, the moving-iron or iron-vane 
rectifier-type instrument and the thermocouple-ty;: 
ment. Of these, the moving-iron instrument need 
considered, since its current sensitivity is so low as | 
it hardly usable in gaging applications. The dynan 


type instrument is of greater value as a phase-sensiti) 


strument and will be so described. 

Rectifier-type instruments for measuring alt 
currents consist merely of d-c. instruments fitted w 
tifying elements. The electrical connection emplo 
such an assembly may be any one of several for 
which the most popular are drawn in Fig. 185. Th: 
plest, at A, comprises a single half-wave rectifying « 
connected in series with the d-c. instrument. The re 
element is represented by the arrow-head, which i: 


the direction of current flow. At B, a full-wave arra 


ment comprising four rectifying elements (often c: 
rectifier bridge circuit) is shown, while C illustrat 


other full-wave arrangement employing two rectifyin; 


ments and two resistance elements. Of the three, tli 
cuit at A is least expensive and least efficient; it ha 
the disadvantage of possessing much higher impeda 


one half of the a-c. cycle than to the other. The full-\ 


arrangement at B is far more efficient, and permits ci 
to flow during both halves of the cycle. The third c 
tion, at C, is likewise more efficient than A, and ha 
further advantage that if the resistance elements a1: 
variable, any change in impedance of the rectifyin: 
ments can be balanced, so that the effective impeda: 
the entire assembly is the same for both halves 
cycle. This is of considerable importance in some fo! 
bridge circuits, where-it may be necessary to avoid 
ducing any distortion of the excitation current wav: 
In these instruments the most popular rectifying el: 
are the dry-disk type (selenium or copper-oxide) alt 
other types can also be used. 

Thermocouple-type instruments depend upon the | 
effect of the current being measured, and therefo 
actuated only indirectly by the current being mea 
In principle, these instruments all are connected acc 
to some one of the diagrams of Fig. 127, although in 
tice somewhat more complicated arrangements ar‘ 
used to increase sensitivity and provide freedom fr: 
desirable temperature effects. 

Thermocouple-type instruments are much less se! 
than rectifier-type, and suffer also from the disady 
of a non-linear scale, greatly compressed near it 
current end. (This is just the reverse of what is nee 
a satisfactory bridge-balance detector.) They are als 
damaged by overloads. Their advantages are that th 
almost entirely unaffected by either wave-form or free 






















be used at any frequency from zero to the 
ies. Rectifier-type instruments, although far 
and somewhat more accurate within their 
ily be used at frequencies outside the audible 
ee verhaps 10 to 10,000 cycles per second. At 

cies the internal capacitances of the recti- 
disturb the operation of the 
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nient in portable equipment, but occasionally 
inaction with electron-tube amplifiers already 
the cathode-ray indicator tube, in common use 
indicator or “magic eye” in household radio 
e device requires electric power for heating its 
for its plate current supply, and is relatively 
as well. It can be effectively applied as a phase- 
levice, however, and will be described in that 
It can be made to respond to any frequency 
n gaging practice. 










. \-c. INSTRUMENTS: FREQUENCY-RESPONSIVE. 


its clude S 
ei An complex class of a-c. detecting and indicating 
in alles @-truments is the frequency-responsive group. These re- 
wits carry Bong to the variations in current (or potential) while not 
m occurate He acess reproducing faithfully the wave-form. The class 
i Most # cludes instruments designed to be frequency-discrimina- 
oo tory, S as the tuned vibration galvanometer; but does 
u not include the aperiodic or highly damped oscillograph 
oe salvanometers employed to record wave-form. These latter 
veg) Ot be Bi nstruments constitute a special class. 
oe Oe Of the frequency-responsive instruments, the telephone 


ver is probably the most widely used. This instrument 

















satis familiar in appearance to everyone) is in construction 
Bist sketch in Fig. 186. A flexible diaphragm of mag- 
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forms 
The sir 
pO ¢ ¢ 
rec Q 
indicates 
al ore 
Ck 
rates a he permanent magnet for the diaphragm is made less 
ying « when current flows in one direction, and made greater when 
the « the current is reversed. Alternating current flowing through 
has als this coil will cause the diaphragm to vibrate, producing 
dance t an audible sound. The telephone receiver is an extremely 
ull-wave JB sensitive detector for alternating currents within the range 
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wi if about 500 to 3,000 cycles per second, although not uni- 
7 form in sensitivity throughout the range. Some mechanical 
u tuning is possible. 
Slightly more refined than the telephone receiver is the 
an electrically-driven wire sonometer, which operates on the 
agt same principle. Instead of a diaphragm it employs a 
mail stretched steel wire, which is mechanically highly resonant. 
<ily The instrument is therefore extremely selective in frequency 
jet response, since the wire will respond perceptibly only to its 
yes own natural frequency, or to harmonics of it. This ability 


‘o deteet harmonics makes the vibrating-wire instrument 








especially valuable in vibration studies and in harmonic 
analysis. Fig. 187 illustrates the manner of construction 
of the instrument, and also the configuration of the wire 
for the first (or fundamental), second, and third harmonics 
The position of the exciting coil (indicated) determines to 
which harmonic the instrument 

The tuned vibration galvanometer is especially applicable 
to measurements in which it is desired that 
instrument be sensitive to a particular frequency or to 
an extremely narrow frequencies. It is thus ap 
plicable to bridge circuits there is doubt as to the 
purity of the exciting wave-form: the instrument simply 
ignores such impurities as may be present. Vibration 
galvanometers are made in both moving-coil and moving 
magnet types, and are in construction similar to the d-c. 
galvanometers previously described. They differ, however, 
in being designed with mechanically-resonant moving ele- 
ments and with quite high natural frequencies. 

Fig. 188 shows the mode of construction for three of the 
most popular forms of a-c. galvanometers. Fig. 188A is 
similar to the moving-coil d’Arsonval galvanometer, but 
has both upper and lower suspensions made taut and sup- 
plying restoring torques. The suspended coil is thus made 
mechanically resonant. Fig. 188B represents a moving- 
magnet a-c. galvanometer, which comprises a small mag- 
netized needle suspended within a magnetic field and also 
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within the field of a coil carrying the unknown current. 
The magnetized needle tends to orient itself opposing the 
field in which it is suspended; this field is the resultant of 
the permanent field and the field from the current coil. Fig. 
188C illustrates another form of suspended moving-coil vi- 
bration galvanometer—the Duddell type. Here a single loop 
or “hairpin” is the moving element, and cemented between 
its two strands is a tiny mirror upon which a beam of light 
is directed. The reflected spot of light indicates upon a 
scale the amplitude of the vibration of the mirror. 

It should be noted that galvanometers of these three 
forms can be used for oscillographie recording if suitably 
damped, or even for detecting direct currents. 

Vibration galvanometers are far less sensitive than their 
direct-current counterparts, for two reasons: the dimen- 
sions of the coil limit the number of turns of wire it can 
contain and, since it is desirable to maintain a rather high 
natural frequency, the restoring force is made large. 

The Einthoven or string-type galvanometer is sometimes 
used also as a vibration galvanometer; more often, how- 
ever, it is used as an aperiodic oscillographic galvanometer. 

With any of these instruments facilities are available 
for changing the natural frequency of the instrument 
within limits, to correspond to the frequency of the cur- 
rent being measured. The sensitivity of such an instrument 
at resonance is many times higher than at other frequen- 
cies; if the unknown current is not constant in frequency 
it is often desirable to introduce a sufficient amount of 
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it is convenient to so adjust the damping that a change ii 
frequency (from resonance) of 1% will reduce the sen- 
sitivity by 50%. Increase in amount of damping decreases 
the sensitivity of the instrument at the frequency of re- 
sonance, but makes its application easier, since small varia- 


tions in frequency no longer cause large variations in 
amplitude of vibration. 
These tuned and resonant detectors obtain their high 


sensitivity from the dynamic augment of the mechanical 
system. Because of their highly resonant condition, they 
cannot respond quickly to changes in amplitude, and are 
therefore not suitable for dynamic measurements. Their 
principal application is with null-method bridge circuits. 
Amplifying devices are often used with these instruments. 


§ 5. OSCILLOGRAPHIC INSTRUMENTS. 


Oscillographic instruments are those which are employed 
to delineate and to record wave-forms accurately and at 
high rates. Their outstanding characteristic is the ability 
to respond immediately and accurately to changes in mag- 
nitude of current flowing. Resonant behavior must there- 
fore be avoided, and the natural frequency of the moving 
system must not fall within the range of frequencies to 
which the instrument is applied. Sufficient damping must 
be present to make the current sensitivity (the deflection 
per unit of current flowing) uniform throughout the range 
of frequencies to which it is applied. 

It is apparent that the principal mechanical requirements 
for such an instrument are these two: the moving element 
must have small mass but relatively large restoring torque, 
so that its natural frequency may be made high; and the 
damping, whether electrical or mechanical, must be such 
as to make the response uniform with varying frequency. 
Since a small moment of inertia also is necessary to make 
possible a high natural frequency, most oscillographic in- 
struments indicate and record with optical systems—mass- 
less pointers. 

Probably the most popular oscillographic galvanometer 
in use at the present time is the electromagnetic type. 
These galvanometers are similar in construction to the vi- 
bration galvanometers of Fig. 188; they differ, however, in 
being heavily damped, so that instead of being mechani 
cally resonant and therefore extremely sensitive at their 
natural frequency they are almost aperiodic and do not 
discriminate among frequencies in their operating range. 
Their effective operating range extends usually from zero 
to slightly less than half the undamped natural frequency. 








Above this frequency there is usually some decrease in 
sensitivity. Through the use of an electric circuit known 
as a “resonant shunt” the upper limit of frequency response 
can be raised to nearly its undamped resonant frequency. 

Another form of oscillographic element (not now often 
used, however) is the inductor-type galvanometer. It con- 
sists of a closed iron core carrying a current coil with a 
single movable loop of copper or aluminum encircling the 
core. This suspended loop must also be within a steady 
magnetic field. Current induced in this closed loop by the 
signal produces a field which reacts with the steady mag- 
netic field to produce deflections of light-beam. The gen- 
eral form of the instrument is shown in Fig. 189. It is 
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damping to afford a good response curve. For general use, 





insensitive to direct current or to slow], 
rents; it is air-damped and—ordinarily—no; 
in frequency response. 

These magnetic galvanometers are made j; 
of styles and with a wide range of frequ 

Some are useful only at frequencies of less 
per second, and produce a one-inch moveme) 
beam at a distance of one meter; others c: 
quite high frequencies (10,000 cycles per se 
attained). In order to raise the natural f) 
galvanometer the restoring torque must li 
so that high-frequency galvanometers may d 
as an ampere of current per inch deflection. 
model is satisfactory up to frequencies of ab 
per second, and requires about 2.5 milliamper 
to cause a deflection of one inch on a scale 
distance. Other things being equal, the current 
cause a one-inch deflection with such a galva 
creases approximately as the square of the uw 
response frequency. 

Dynamometer-type oscillographic galvanomet: 
available; they can be used as wattmeters, « 
sensitive elements for other applications. 

The cathode-ray oscillograph has within th 
years become widely used for recording extr 
frequencies. The device consists of an evacuated 
one end coated with a luminescent material, th 
with an “electron gun,” which ejects a small 
electrons continuously toward the screen. Pot: 
applied to a set of deflecting plates within the 
ing the beam to deviate from its position of 1 
trace out on the screen a pattern representing th« 
wave-form; this pattern may be either observ 
(when the instrument is called an oscilloscop 
graphed for permanent record (in which case t 
is usually called an oscillograph). 

Most oscillographs are photographic; that is, t} 
on photographic paper. This method is advantage: 
respect—the optical levers employed have no m: 
therefore it is possible to keep the natural frequer 
instrument high. But photographic film or pape) 
chemical development before it is-available for « 
tion, which is a decided disadvantage. In ordei 
the inconvenience and the delay entailed by the p: 
of the records, several instruments are now comn 
available for producing oscillographic records in t 
of ink lines on non-photographic paper. These ar 
termed direct-writing oscillographs. 

Direct-writing oscillographs are made with piez 
writing elements and with electromagnetic writing « 
The piezoelectric element usually employs a compos 
tal assembly coupled by levers to a pen-arm; the 


magnetic element may operate as a moving-coil d 


as a variable reluctance system. These devices (d 
there as generators) are sketched in Figs. 42 and 





$6. PHASE-SENSITIVE DEVICEs. 





During the last few years the great increase in t 
ber of a-c. bridge circuits has stimulated the dev: 
of detecting devices having phase sensitivity as 
magnitude sensitivity. Because the output potentia 
a-c. bridge circuit is shifted by 180 degrees when 
justment is carried through balance, it is possible 
advantage of that fact in developing a detecting a 
cating instrument for use with a-c. circuits. Such 
sensitive instrument can indicate both direction and 
tude of unbalance of a circuit; ordinary magnitu 
tive instruments do not possess this ability. 

When the mirror of a vibration galvanometer i 
nated by stroboscopic pulses of light excited 
frequency being measured, the pattern produced is : 
dot, instead of an extended trace. The position of 
is a measure of the phase angle between the 
current and the pulses of light. It is therefore po 
employ an ordinary vibration galvanometer as 
sensitive instrument by replacing the constant lig! 
(Continued on p 
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700 Ler Aerial view of the Liberty ship on which is based the First Aircraft Repair Unit (Floating) with helicopter, on flight deck, 
, preparing to take of. (Photo by Air Technical Service Command) 
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‘Floating Depots Equipped for Aircraft Instrument Repair 
By Captain HARRY B. GILSTRAP, ATSC, Wright Field, Dayton, Ohio 
t} 1 OMPLETE overhaul of aircraft instruments is being to set up comparable installations ashore. When shore in- 
elopment performed at sea in Liberty ships converted by Air _ stallations are functioning fully, the “Aircraft Repair Units 
echnical Service Command into floating B-29 repair shops, (Floating),’ which is the formal name of the new organi- 
al of ans well as in conventional AAF installations ashore. A num- zations, may haul up anchor and proceed to a more ad- 
. the ad- Per of these vessels are anchored off the reef-choked waters vanced destination, where they can perform their mission 
take Jf the Marianas, where they perform “fourth echelon” all over again. 
ind indi Maintenance of instruments and other aircraft accessories An unusual feature of the floating air depots is the 
a phase f@nd parts, requiring special tools and personnel with ad- flight deck, which is perched above the forward portion of 
1 »nagni- #¥anced training. the main deck, from which helicopters operate. These rotary- 
ens The 440-foot Liberty ships are fitted with air-conditioned wing craft, part of the vessels’ equipment, fly key person- 
Shops for the repair of electrical, mechanical, and optical nel, small parts, and small tools between ship and shore. 
um @.struments, bombsights, and the automatic pilot. There They have been especially useful in flying critical instru- 
the Mere also facilities for work on propellers, carburetors, ments to B-29’s which would otherwise have been grounded 
ingle @#urbo-superchargers, electrical equipment, sheet metal, fuel for lack of them. The vessels also carry DUKWs (“ducks”), 


s dot HB ecells, tires, and other components of the giant Superfort- jeeps with trailers, and work-boats along with them; these 
owl g#resses. The ships were equipped with the Boeing B-29 in are swung over the ship’s side by booms when required. 

e to Mmind, but can also perform work for all other models. The instrument shop is set up for the complete overhaul 
ase Purpose is to provide fourth-echelon maintenance as soon of the following: altimeters, gyro flux compasses, sextants, 
urce Mas air strips in a newly-taken area have been completed, driftmeters, astro compasses, tachometers, bank and turn 
ving the two-to-six-month period normally required indicators, rate-of-climb indicators, ammeters, voltmeters, 
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etal 
EASY TO 4 I SERVICE ate ss Facilities for the repair of watches, so necessary for 


ee pe ee aerial operations are to be found aboard the Liberty in 




















which the First Aircraft Repair Unit (Floating) performs vork 
Unit provides ‘‘fourth echelon’’ maintenance for aircr intil 
permanent facilities can be set up; then it pulls up an ind 





moves ahead to the next base. Watchmaker shown her Cpl 
Charles R. Drewery, 1402 North Henderson Rd., Rusk, Tex 
received training for his job from Air Technical Service ( ad 










manifold pressure indicators, fuel and oil gages, al! Autosy 
instruments, various types of thermometers, fu 1 oj 
level gages, suction gages, landing gear hydrauli 
gages, watches, clocks, flap position indicators, 
instruments. 

Minor repair, checking, and partial overhaul 








, 3 above illustration shows a standard 
Meriam Clean-Out Manometer installed on 
equipment in an absorption plant of a major 
oil company. The Manometer is self-sup- 
ported directly from the clean-out head. 


The Manometer is cleaned and filled by 
simply unscrewing the wing nut and thereby 
detaching the instrument body—without 
disconnecting the head section from the 
piping. 

This unit is exceedingly accurate and is de- 
signed for line pressures up to 100 Ibs. per 
square inch. It is extensively used through- 
out industry for measuring pressures, vac- 
uums and differential pressures from only a 
few ounces to many pounds. Send for Bulle- 
tin No. 1 describing this popular U-type 
clean-out model. 


THE MERIAM INSTRUMENT COMPANY 


10958 Madison Avenue, Cleveland 2, Ohio 


Western Division: 1418 Wilson Ave., San Marino 9, Calif. 
in Canada: Peacock Bros., Ltd., Montreal 






WIMMUMEN 4 Left to right: Pvt. Henry A. Zielinski, Brooklyn, working 
ammeter; Cpl. James T. McCord, Sr., Nashville, Tenn., © 
a gage indicating engine temperature, and fuel and oil p 
and Cpl. Charles R. Drewery, Rusk, Texas, who is fixing 
ator’s watch. (Photos by Air Technical Service ¢ 
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A utosyy 


ON A PLANE IN FLIGHT? 


NOw IT IS POSSIBLE to measure and record the pressures on any part of 
| | 


a plane at any time under any and all flight conditions in a wind tunnel 
or in flight. No longer need we rely on estimates or computations. 


as 


Waugh Laboratories offers pressure gages that may be affixed 
many as desired, to any part of a plane to provide a simultaneous rec 
ord of pressures encountered. 

Write for details of pressure gages PRS-r 


and PS-4. 


oa 
, Write for Rental 

‘ List and Service 
Manual on busi- 

e ness letterhead. 


4 
Pacific Coast Branch: 180 East California St., Pasadena 5, California 420 LEXINGTON AVE., NEW YORK 17,N. Y. 








‘size... | 


ft silesins Ltt is sltin 








n g t h.. a, 
Stainless Steel Carbon Steels 
Aluminum Non ferrous Alloys 

eee Magnesium Brass 
Alloy Steels Monel 





"screws Or. 
screw machine 
products 


Accuracy in all steps of production in- 
sures precision in all applications. 


Waltham Screw's specially ‘developed 
machines produce a uniform product 

Naltham Screw products are acknowl- 
eciged as superior by engineers, instru- 
ment makers, watch-makers, machinist- 


excerts. 


Specific problems requiring special screw 
‘machine products are welcomed. 


COMPA 


71 Rumford 
Waltham, M 
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Manometer on shipboard is used to test air-operated instri 
in a Liberty ship converted by Air Technical Service Cor 
into a sea-going B-29 repair shop. Ship is presently speeding 
fort operations against the Jap mainland by helping to ke 
craft instruments in tip-top shape. Left to right: T/Sgt. Ir 
Sebransky, instrument shop foreman, and Sgt. Keith N. | 
his assistant. Like their fellow-mechanics on these fh 


depots, these men wear sailor hats and dungarees 


sights, Automatic Flight Control Equipment, 
gyros, artificial horizons, and the new air position i 
is also accomplished. 


Personnel in the instrument shop of one of the 1 


tive of the sea-going aid depots, the first Aircraft 


Unit (Floating), is under the direction of T/Sgt 
Sebransky, of Cleveland, who spent three yea 
Caribbean before the army gave him his present 
ment. Instrument work was his specialty there. 

in the shop are highly trained, and were sent t 
schools in their particular lines by Air Technical 
Command before leaving for the Pacific. Some 


Charles R. Drewery, of Rusk, Tex., were watcl 
before they entered the service. Sgt. Howard R. B 


who inspects instruments repaired aboard the vess« 
they are forwarded to using activities, was emp 
Sperry Company before the war. 

It was found, when the ship reached its destinat 
some of the finer precision work could not be acco! 
at sea, even when the ship was in a quiet ancho! 
an auxiliary shop was therefore set up ashore ft 
such jobs. Most of the work, however, is done ab 
vessel. 

The shop is well equipped for its task, having 
other things: two single-tube well-type manomet« 
ranges of 61 inches of mercury and water; a 
vacuum pump; an electrical instrument test pane! 
volt single-phase 60-cycle laboratory lathe; a %4 
pacity single-phase 60-cycle super-sensitive drill p1 
oil and moisture separators; one motor-driven tu 
assembly to test bank and turn indicators; a jewel 





ee 


a ument control of temperature or pH in industrial processing is less spectacular 
nan the location of enemy submarines or airplanes by the same method, but it is just 
rtant, for it makes uniform mass production possible. 


as ime 

Potentiometers are synonymous with processing accuracy and for more than a quarter 
nost of these instruments have depended on Eplab Standard Cells for reliable per- 
formance. These cells are a “yardstick” for the translation of voltage to temperature or 
pH. The first commercial cells of their type made in America, they have become “as stand- 
ard as sterling” through untiring research. 


centaur 





sk for Eplab Standard Cells 


in YOUR potentiometers. _ 


sk 





THE EPPLEY LABORATORY, INC. 


* SCIENTIFIC INSTRUMENTS 
A. NEWPORT, RHODE ISLAND, U.S.A. 


»\EPLAB “STANDARD” CELLS 


/ For Potentiometric Instruments “As Standard as Sterling” 


‘ 


You G N TR AHotg hisiot Out! 


SeeAnounn A Corner / 
wt ée WAPPLER INDUSTRIAL TELESCOPE 


Tuspection problems in the 
EXAMINATION OF 
INTERNAL SURFACES 


may be solued by means of 
WAPPLER BORESCOPE 


This is a telescopic instrument containing 








a lens system. The angles of vision for 
different type visual systems are shown 
Borescopes range from .110” dia. x 334 

long to .390” dia. x 72”. Each instrument 
complete with conducting cord and spare 
lamp, and contains lighting circuit. Light 
source provided by batteries or direct 
connection to house current by means of 


current controller. 


Write for Sooklet 


INDUSTRIAL DIVISION, DEPT. O 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


Mr. Tops 

the Paragon 

Symbol of 

Top Quality. ee 





“Keep the cost down” 

. is a demand which manufac- 
turers will soon again have to meet. During the war, industry has 
learned much about cutting cost through control of timed opera- 
tions. Paragon automatic electric time .control instruments not 
only help to lower costs, but also increase output... multiply man- 
power efficiency...and save precious hours...on countless jobs 


What is gow. time control need f 
PARAGON DESIGNS AND BUILDS UNITS FOR 
PRACTICALLY EVERY TIME CONTROL NEED 


SERIES 300—General purpose, Telechron 
motor operated time switch, self-lubricating, 
for controlling signs, stekers, blowers, pumps, 


and other purposes. Accurate, rugged. 


SERIES 800 —Instontoneous reset, synchro- 
nous motor operated, time-delay relay for 
motor and tube protection. Used to stagger the 
closure of multiple circuit systems so that full load 


will not be applied at start. Has wide application. 


SERIES ZOO—7-Day synchronous motor 
operated switch for heating and ventilating 
systems, lighting and pumping in churches, 
schools, stores, factories, mines, efe. Can be 
prese? weekly for a weekly schedule. Daily on 


and off cperations may be independently set. 


SERIES 2500— Manvolly preset interval 
timer, can be preset to perform a great variety 
of operations: te allow a given operation to 
continue for aimost any predetermined time 
limit; and to close or open a circuit at the end 
of the preset time. Synchronous motor operated. 


PARAGON ELECTRIC COMPANY 


oy Paragon (inde 


ILLINOIS cack 1905 
rare ar EQuIPMmen! 
( 


aun 
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KESTER Solder FLUX 


e Kester eliminates guesswork, for whatever the 
solder job. For delicate dip-soldered electrical con- 
nections, sweating operations, or various types of 
seams, Kester has the right flux to make it permanent. 
Tight solder-bonds with Kester fluxes resist shock, 
vibration, bending, contraction, and expansion with- 
out failure! 


e Kester fluxes help to make the service of your 
product trouble-free, because Kester’s 46 years of 
practical experience and laboratory research make it 
possible for you to have the best flux for whatever 
metal you’re using... the correct flux to protect your 
product. 


e@ Consult Kester engineers; they'll gladly recommend 
the right flux for your operation. A letter today will 
bring their practical, experienced help—at no obli- 
gation. 





* k BUY WA WAR. BONDS * 








KESTER SOLDER COMPANY 
4216 Wrightwood Avenue, Chicago 339, III. 


Eastern Plant: Newark, N. J. 
Canadian Plant: Brantford, Ont. 


STANDARD FOR INDUSTRY 
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with all standard equipment; a dead-weight 
bly; a Norden bombsight test stand; a tach 
scopic test stand; a thermometer testing as 
range of 40°C. to 200°C.; and a Type C-1 
instrument test set. 

Sgt. Sebransky estimates that the shop’s 
350 instruments of all types per month. 

Air Technieal Service Command, after the 
tion of personnel, sent the members of th« 
marine training school in Fairhope, Ala., wh 
nomenclature, abandon-ship procedure, and re 
were taught. Men in the repair units cal 
“sailjers,” wear dungarees and white sailor | 
as at home at sea as they are in the air or on 





Two Sergeants Invent Device fo 
Installing Field Coil Assemb! 
in Aircraft Starters 


W ASHINGTON—Believing the old adage that ¢ 
are better than one, Technical Sergeant James \ 
of East Point, Ga., and Staff Sergeant Levere M. | 
Ogden, Utah, recently pooled their ideas and n 


Field coil pole-shoe expander devised and constructed by T« 
cal Sgt. James W. Turner of East Point, Ga., and Staff Sgt. | 
M. Holmes of Ogden, Utah, enables soldier-technicians at at 
Service Command depot in England, to install mew field ¢ 
repaired airplane starter motors at eight times the rate for 
possible. 


ability and constructed a device which in addition t 
a tool and labor-saver, reduces the time for installin; 
field coil assembly in an overhauled aircraft start: 
three quarters of an hour to only five minutes. 
Soldier technicians at their Air Service Command 
in England, at one time fitted the assembly into th: 
housing section of the starter with the use of only 


Soldier-technicians at an Air Service Command depot in En 
are now installing as many new field coils in airplane starter 0 
in one day as was formerly possible in eight with an expand 
structed by Technical Sergeant James W. Turner (left), o! 
Point, Ga., and Staff Sergeant Levere M. Holmes of Ogden 
Sergeant Turner is shown fitting a new field coil in the 
housing with the expander as Sergeant Holmes assists. 
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ERR! 


of Industrial Instruments and Regulators Division of the 


A.S.M.E., we have published this terminology dictionary 


...illustrated by Mr. Herbert Ziebolz’s free-hand sketches. 


Originally published only for our own organization, this 


PRINCIPLE 


work has proved so helpful and interesting to -control 


engineers, that we have secured a sufficient quantity for 


a limited distribution. Write for your Free copy today! 


NIA REGULATOR CO. 


EQUIPMENT CO 8 2:6 8 A ts 


1605 S. MICHIGAN AVENUE, CHICAGO 


SUGsiv tA FY 


16, ILLINOIS 











DOUBLE SENSITIVITY 
D.C. VOLT RANGES 


0-1.25-5-25-125-500-2500 Volts, at 20,000 
ohms per volt for greater accuracy on 
Television and other high resistance 
D.C. circuits. 


0-2.5-10-50-250-1000-5000 Volts, at 10,000 
ohms per volt. 


A.C. VOLT RANGES 

0-2.5-10-50-250-1000-5000 Volts, at 10,000 
ohms per volt. 

OHM—MEGOHMS 

0-400 ohms (60 ohms center scale) 

0-50,000 ohms (300 ohms center scale) 


DIRECT READING OUTPUT LEVEL 
DECIBEL RANGES 


—30 to +3, +15, +29. +43, +55, +69 
DB 


TEMPERATURE COMPENSATED CIRCUIT 
FOR ALL CURRENT RANGES D.C. MICRO- 
AMPERES 


0-50 Microamperes, at 250 M.V. 


Write for descriptive folder*giving full technical details. / > 


Long Scale, Wide Range Volt-Ohm-Milliammeter 


D.C. MILLIAMPERES 
0-1-10-100-1000 Milliamperes, at 250 M.V. 


D.C. AMPERES 
0-10 Amperes, at 250 M.V. 


OUTPUT READINGS 


Condenser in series with A.C. Volts for 
output readings. 


ATTRACTIVE COMPACT CASE 

Size: 2Y%2"" x 5'%2"'. A readily portable, 
completely insulated, black, molded case, 
with strap handle. A suitable black, leather 
carrying case (No. 629) also available, with 
strap handle. 


LONG 5” SCALE ARC 


For greater reading accuracy on the Triplett 
RED DOT Lifetime Guoronteed meter. 


SIMPLIFIED SWITCHING CIRCUIT 


Greater Ease in changing ranges. 


_— 


f 
hee 
ANy, 
Mtns 
2 Koer> 


Triplett 


ELECTRICAL INSTRUMENT CO. siurrron, onto 
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screwdriver. Countless screwdriver bits were 


‘ process, resulting in the loss of productive nr 
eventually causing a critical shortage of thes 
When the flow of starters, in need of. repair 
dispossess Sgt. Turner from his shop, he consu 
% Holmes and soon after the first field coil pole-s 
p REC | S | O N made its appearance at the depot. 
It consists of two conical shaped pieces of si 
rimmed with four sections of metal and screw: 
( N ST RUME NTS threaded with both left and right hand threads 
is turned to the left the steel cones move in 0; 
mbeavenes. THERMOSTATS tions and expand the outer rim pressing it ag: 
THERMOMETERS assembly and pole-shoes thus making it a sim) 
neieaiiitins HYGROMETERS insert the armature after the expander has be: 
THERMOMETERS The use of the device has increased the produ 
HYDROMETERS paired starter motors at the depot to a point where as many 
RECORDING , =e . Pees 
THERMOMETERS PSYCHROMETERS new field coils are installed in one day as wa formerly 
possible in eight. 


N 


a 


spate gas sy is 


PEceeree etsy 


4 
‘ 


ha) 


\ 


9 
{/ 

( 
\: 


MARINE SPECIALTIES, ETC., ETC. 


7 7 Y ears oO f Portable Workshops Speed Repair of 
DEPENDABILITY | > 2% Computing Seis 


TOLEDO, Ohio.—Air-conditioned light-weight collapsible 
workshops that can be transported by air and set up at 


rum advance bases are being employed by the Army Air Forces 
ners Heeenee of Seager Saas name for the adjustment and repair of bomb sights and computing 


are the result of the thoroughly precise sights 
and honest way they are engineered. Equipped with precision tools, the shops enable skilled 
AAF mechanics to do the work on the spot, saving the time 


MOELLER MERCURY THERMOMETERS canitin _ 


Extreme Precision Grade: Solid glass etched stem, 
mercury thermometers (nitrogen filled) for determining tem- 
peratures within a fractional part of a degree. 





aaa (| 


The lasting accuracy, ruggedness and other 


Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial immer- 
sion. Types with "Moeller Glass Red Reading Column" afford 
optimum ease in reading. 


Industrial Thermometers: High accuracy is easy to 
read under plant conditions because of "Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape case with glass 
front furnished in wide variety of forms such as: Straight 
Stem (see illustration above), Angle Form Types, Handle-Top 
Thermometers for use in food processing, galvanizing, etc., etc. 


Separable Sockets, Extension Necks, etc., etc., available. 
Thermometer Test Wells — machined from solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Made to strictest standards of preci- 
sion, these mercury filled instruments 
are calibrated for ranges up to 1000°F. 
or equivalent. Square and round cases 
available. Metal and Phenolite cases. 


Write for catalog that would be required to send the instruments 
bases. Glass fibers, compressed, treated with a re 
shaped into flexible boards, are employed as insulatio 


MO Er L L a e ——_— INCE 186fa—— to help assure the required control of temperature 
midity within the shops. The inorganic Fiberglas i) 

stands up against the attack of fungi encountered i 

INSTRUMENT COMPANY war zones, and is incombustible. Its light weight | 


portant factor in making practicable air transpo! 


{32nd STREET and 89th AVENUE the shops. 


RICHMOND HILL NEW YORK The shops are built by the Herman Body Com 
Louis, for the Materiel Command, Army Air Forces 


Field. Insulation is supplied by Owens-Corning |! 
ef orporation, Toledo. 











Sales Representatives in Principal Cities 
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DUR! TENTIOMETRIC INSTRUMENTS 
t HAVE 


100 


Yo matter how perfect otherwise, the human organism isn’t much good without a 
dable heart. The same is true of your automatic temperature and pH con- 


Th ff most such instruments for the past quarter century has been the Eplab 
Standar |. It is a “yardstick” for translation of voltage to temperature or pH. The 
first American commercial cell of its type, constantly improved by research, it is “as 


standard as sterling”. 


Get ACCURATE temperature or pH control with potentiometers and make sure the stand- 
ard cells are EPLAB. 


SCIENTIFIC INSTRUMENTS 


The Eppley Laboratory, INC. newrort, RHODE ISLAND, U. S.A. 


EPLAB Standard CELLS 


FOR POTENTIOMETRIC INSTRUMENTS 





WAYS TO SAVE 
TIME & MONEY! 


with the 


Mead Indushial 
Bunring Machine 


FOR PLASTIC—WOOD—METAL 


New circular explains, illustrates 18 ways in which the Mead 
Industrial Burring Machine saves time and money—also con- 
tains special Grit Guide. Every industrial plant needs this 
“Jack-Of-All-Trades” machine. Your burring can be done in 
‘free time”— install these machines by every machine tool which 
leaves burrs. Grinds, finishes both outside and inside cutout 
openings. Immediate delivery in most cases. Write for the in- 
formative Money-Saving circular now. 


MEAD SPECIALTIES COMPANY 


‘tl4 NORTH KNOX AVE., Dept. II-85, CHICAGO 41, ILL. 





heed and 


ACCURACY 


IN AUTOMATIC WEIGHING 


Your problem in automatic weighing may 
require a different instrument than the one 
illustrated. However, Type NT shown here is 
a typical Streeter-Amet instrument. 

This weigher promotes speed because cars 
are weighed while in motion . . . weighed 
much quicker than by spot weighing. Bottle- 
necks are eliminated from railway classifica- 
tion yards. Accuracy is assured because the 
weight of each car is automatically printed 
on a visible tape. Human errors are elimi- 
nated at a very important step. 


INDUSTRIAL WEIGHING, MEASURING 
AND COUNTING MACHINES 


Since 1888 Streeter-Amet engineers have designed, 
manufactured and serviced many types of instruments 
You are invited to submit inquiries concerning any of 
the following: 


Automatic Recorders Tensile Testers 
Scales Traficounters 


Type NT Auto- 
matic Weight 
Recorder. Auto- 
matically prints 
weights of cars in 
motion. May be 
attached to any 
railway track 
scale. No capital 
investment 


STREETER-AMET COMPANY 


4097 North Ravenswood Ave. . Chicago 13, Il. 


‘STREETER: AMET 
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SHOP KINK 


bey (@) Al INN I E Device to Remove Retainer Ngs of 
RHEOSTATS (ieee 
By JOHN S. BOTTIMORE, Jr., Norfolk, ‘a. 
Give S h 
ive im o oft e r strument cases without damage either to t} 
| glass. The case is mounted on the base and the er is run 
Cc i ose r C o yy ft ro : down into a position just above the glass. To find the naa 


of the case, the knobs of the small oblong block 







HIS device is used to remove retainer ; 





































. p ; € turne 

until the case flange is snug, then a little manipulatioy n 

the turning of the knobs places the case in the center o¢ 

the puller. The wheel at the top is turned, for: the twa 

. puller arms apart and under the retainer ring such an 
Time-Proved ‘ ‘ sate a 
angle and pressure as to not injure the case « @ glass 

Features 












VITREOUS \ 


RESISTANCE 
ENAMEL 


WIRE 


CERAMIC CORE 
AND BASE 


SHUNT PIGTAIL 


UNIVERSAL PIVOTED 
ME TAL - GRAPHITE 
CONTACT 


TEMPERED STEEL 
CONTACT ARM 


NON -TURN 
CERAMIC HUB ae - PROJECTION 


a 


P RI 
COMPRESSION re viabis b 
SPRING 


DESIGNED AND BUILT 
TO WITHSTAND SHOCK 
VIBRATION — HEAT 
COLD — HUMIDITY 





In critical applications, engineers know they 
can rely on Ohmite design. Construction is com- 
pact... all ceramic and metal. The wire is 
wound on a solid ceramic core, locked in place 
and insulated by special Ohmite vitreous enamel. 
Each turn of wire is a separate resistance step. 
Self-lubricating metal-graphite contact brush 





rides on a large, flat surface . . . insures perfect Then the large handle is turned to start the retair 
contact, prevents wear on the wire. Tempered After starting the ring removal a new purchase 
steel contact arm assures uniform pressure at all adjusted by turning the screw shaft at right ang 


original pulling position. The sprirgs between t! 
arms keep the tension on the arms and permit eas) 
of the ring when desired. Holes are drilled in the b 
the instrument zero adjuster on the case or any p? S 


times. High strength ceramic hub insulates shaft 
and bushing. 








These are just some of the Ohmite rheostat 





features that provide permanently FY 
. a such as a push button. 
Suess. smoother, closer control. Widest St 
range of types and sizes, in stock Construction Details 
and special units, f ery , . ae 
SP eats, Soe every anes The screw which is attached to the puller arms ie 
_ Write on company letterhead for helpful inside and tapped from the top to a depth of % shalt 
Catalog and Engineering Manual No. 40. goes through the length of the pulling screw and is tast 
OHMITE MANUFACTURING COMPANY to a hinged box. This shaft has an inch of thread 


4886 FLOURNOY STREET * CHICAGO 44. U.S.A spond with the inside tapped thread. Thus, a tu 
> at Sect a inside rod creates a downward force transmitt« 


Be Right hinged puller arms, spreading them. The large 
4 turned in one piece in making it with a sleeve 
with bradded against the bottom of the cross-bar h 


RHEOSTATS + RESISTORS + TAP SWITCHES wheel securely to the bar. To reduce surface frictio sma 
bushing is used as a spacer between the whee 
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INS of Type 2900 


Portable Resistance 










32S Thermometer 
a, 
from jp. 
ase or he 
er jg run 
NG The centey 
ire turned 
A ation oni 
center Of 
cing the ted Rugged construc- 
UW 
and on, high torque : 
CMM all movement, and : , 
0 1e glass, long mirror scale oT 






provide for con- 
sistent accuracy in this Alnor portable electric thermom- 
eter. Available in any desired range with aspan of 50 deg. F. 
or more between minus 50 deg. F. and plus 400 deg. F. Also 
with two or more scales, and multi-point instruments. 








Ten types of thermo-bulbs are available for use with 


sure, in moving air, in liquids, and for laboratory use. 


for bulletins. 


ACCURATE INSTRUMENTS’ range is up to 12”. 
foro 


“PRECISION TIMING x vretsos co 









The Stoelting table model elec- tion Cover 


tric stop clock is an accurate | * Adjustable Scale 


Table model electric stop clock timer for a wide variety of indus- 


with a-c clutch and toggle switch 


as measuring start-to-stop intervals of relays and instruments, 
and for checking sequence operations. 





ing the pointer. Timer with d-c clutch has binding posts only and Hundredths 
for attaching d-c control circuit for starting and stopping the ; 
pointer. Both timers have a-c clock motors, and pointers are 
reset with knob. 

The Stoelting electric timer and impulse counter is an accu- 
rate, dual-purpose instrument for counting individual electric 
impulses or for use as a chronoscope. 

When used as timer, 11-16 v 





Additional features include: 













maeDraft 





FINCLINED 
DRAFT GAUGES 


Alnor thermometers, for use indoors or out, under pres- Trimount Model 6-E and Model 60 Inclined draft 
Other Alnor thermometers include single and multi-point | gauges offer extreme accuracy for every ap- 
types up to 14 points for switchboard installation. Write plication where this type of gauge can be used. 


Each gauge is individually checked and cali- 


ILLINOIS TESTING LABORATORIES, INC. brated at the factory. The spirit level is fastened 
420 North La Salle Street in place at the time of calibration. 

Chicago 10, Illinois These gauges are furnished with or without 
leveling brackets, and are available for wall, 
back-of-panel, or flush mountings. Range of 


i | Model 6-E is 0-1”, 0-2”, and 0-3”. Model 60 


*% Fully Enclosed Dust-Tight Glass Protec- 


trial and laboratorytests...such | * Precision Bore Heavy Wall Pyrex Tube 


%& Compression Gland Packed 
Timer with a-c clutch has toggle switch for manually start- * Easy-To-Read Scale—Calibrated in Inches 








curreft is taken from step-down 





transformer. When used as coun- 
ter, direct current only is used. 
Counter capacity—7,200 impulses. 
FREE ILLUSTRATED BULLETIN 


Send for Stoelting 
Timer Bulletin No. 


. 1100. Includes illus- 
\ trations, wiring dia- 
Ss. \ grams, technical 
data, and complete 


Write for literature 










INDUSTRIAL DIVISION 


424-G NORTH FRANCISCO AVE. ® CHICAGO 24, ILLINOIS INSTRUMENT COMPAN 


— 








Model! Inclined 
Draft Gauge 


today! 


\ informationon stop Electric C 
BS) clocks,chronoscopes, timer and 
\ DSS impulse counters, impulse 
\ . stop watch control- counter 
lers,and X-ray timers. 
<4 §STOELTING co. 


37 W. VAN BUREN 
CHICAGO 5, ILL. 
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crossbar. All threads are 28. The base is 
frame cast iron and the puller arms tool steel, sil 
to the small hinge blocks. 

Overall width is 4%”, heighth from the base 
of the crossbar is 45s”, and the length of the pul 
thread is 3”. This device will accommodate case u 

This device is now being used in the United Stat 
Air Station Instrument Shop, Norfolk, Virginia, 
instruments as voltmeters, ammeters, and the like, t 
either retainer rings or inside magnetic shields. 

re) This remover has saved material by permitting 
7 ae AMES & e WALTHAM, MASS. moval of corroded, glyptoled, or rusty retainer ri 
cases which would otherwise have been discarded 


Seu tSe | HFMETIC SEALED TRANSFORMERS 


24 stock sizes. As per specification 42 B 9 (Int) for 


shipboard use, Electrical and Mechanical. Navy a type for every requirement 
grey finish. Immediate Delivery. Write for price list. 


s 
* 


ey Ww 





May we cooperate with you on design saving: 
for your application... war or post war 


COLE STEEL EQUIPMENT CO. 
349 BROADWAY, NEW YORK 13, N. Y. 
FACTORY: BROOKLYN, N. Y 
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HEISE BOURDON TURE 
LABORATORIES 


EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-25 Ibs. to 0-10,000 Ibs. 


8!” Dial 

: iS 12” Dial. 
States Naval 16” Dial 
nia, MN such 
ce, to removed 
i uj Ws 
ting the pn nt 
7 ot . ~~ : 

rings from 


Loy 


ed. _ 
EMERY COMP 


BESS tS Ss 
LIQUIDOMETER 


% 
a as 
aS 
= 
w 
WRITE for 
COMPLETE 
DETAMS 


« — . 
1QUIOS WORTH STORING ARE WORTH MEASURING” 


g | tHe LIQUIDOMETER con 


ah 36- 
: = 27SKILLMAN AVE., LONG ISLAND CITY.LN.Y. 


Neither planes, tanks, ships nor 
guns could operate efficiently without scores 
of precision built, automatic controls. And 
wherever temperature is a factor, Chace 
Thermostatic Bimetal is constantly being 
called upon by the control builder to serve 
as the actuating element for his device, for 


indication, control, or both. 


These war-time applications cover a tem- 
perature range from —100 to +1000° F. 
And at any pre-determined point within 
that range, Chace bimetal may be called 
upon to give the impetus to start, or to stop, 
some vital function. That is, it must con- 
vert temperature into action; automatically, 


instantly, and without fail. 


Similarly, in the home, appliance manu- 
facturers utilize the known properties of 
specific types of Chace bimetal to convert 
temperature into action in devices ranging 
from toasters to furnace controls, or to 


refrigerator motor protection. 


There are thirty-five types of Chace Ther- 
mostatic Bimetal, each of which offers 
specific advantages to control builders. 


Sold in sheets, strips, and finished forms. 


» “ME. ACEco 


Thermostatic Bimetals and Special Alloys 
1609 BEARD AVE + DETROIT 9, MICH. 
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S60 


Extremely 
Sensitive 


Complete 
Visibility 


Recording Type 


For accurately recording the specific gravity of gas. 
Contains no complicated rotating parts. 


Automatically compensated for atmospheric tem- 
perature and barometric pressure variations. 


Rugged construction requiring a minimum of main- 
tenance, 
Write for Bulletin No. 30 


THE REFINERY SUPPLY CO. 


¢ TULSA 3, OKLA . F } 44, L.D. 58) 


Ph. Fairfax 5814 





NY =Yerol ale es alelictta moll] a 


FOR REPEATED “ON-OFF”’ 


ett P Nile) bee) ia daa (cme) j 
CIRCUITS, USE A ROWE RADIO 
SM4 SYNCHRO-CYCLIC TIMER 
. 


FAULTLESS AND 
eel pil itielthmel 12-7 vile). | 
Abia lelii ae Nard, pile), | 


LESTFALCE LADOLATIORY CO. 


J5.A. * TELEPHONE CAPITOL 316) 
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ELECTRIC GAGING METHOD 
(Continued from page 544) 


by a neon bulb, strobotron, or other time 
source. The method is especially well suited 
which the a-c. excitation is produced by a rot 
tator, since then the pulses of light can be 
a shutter mechanically coupled to the comm 
Phase-sensitivity is of course available b: 
indicating instruments of the dynamometer ty 
the output current from the bridge circuit 


one set of coils, while the other coils are act 


exciting current. When the currents in the 
alike in phase, their fields oppose and repel, a: 


ment pointer will deflect in one direction—w} 
rents differ in phase, the coils attract and the 


reversed. Again the instruments can indicate 
unbalance as well as magnitude. 


The use of the tuning indicator or “magic 
phase-sensitive device is well established. In 1 
Fig. 190, two such tubes are employed. The out 
tial of the bridge is applied to the.control g1 
tubes; at the same time the a-c. excitation pote: 
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circuits is applied to the plates of the tubes. Cur: 
flow through such a tube only when the anode pot 


higher than the cathode potential and when also th: 


grid is at a higher potential than the cathode. If 
is to flow, the control grid and the anode must be 
same polarity. Both anodes are supplied with the sam 


alternating current used to excite the bridge circuit; 


means of a transformer the current reaching one plate | 


made 180 degrees out of phase with respect to the other; 
only one tube can conduct at a time. Since the size ol t 


pattern appearing on the fluorescent screen of the indicator 
tube depends upon the current flowing, it‘is easy to asce 
tain the phase of the output—and the approximate mag 


nitude. 


The same type of phase-sensitive electronic detecto”, fitted 
with an indicating instrument instead of two “tuning 
tubes, is shown in Fig. 191. It is usually called th 


Locking-in Amplifier. 





Devices having phase sensitivity and employ! 
types of rectifying elements are also available. fF‘ 


acteristic forms, ordinarily used with dry-disk recti! 


be described. 


In the first of these, shown in Fig. 192, a half-w edt: 
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The First and Only 
REAL ADVANCE 
in SNAP GAGES 

in 100 Years 


Since Eli Whitney first used Snap 
Gages to make interchangeable parts 
in quantities, Snap Gages have barely 
changed....But this Federal Snap Gage 
is a “natural”. All the advantages 

speed, accuracy and positiveness of the 
Dial Indicator, are supplied simply and 
directly to a simple, light and compact, 
single purpose snap unit. It is ideal for 
Statistical Dimensional Control. 


Send for Folder 


FEDERAL PRODUCTS CORPORATION 
PROVIDENCE 1, RHODE ISLAND 
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MEASURING 





PRECISION INSTRUMENTS 














STATHAM) 
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Remote Electrical Indication of 


FORCE—PRESSURE 
—ACCELERATION— 


Without Vacuum Tubes 















0 Research Department has devel- 


oped a new principle in instrumentation 





to meet and simplify the exacting require- 






ments of present day test work. 









DYNAMOMETERS 


—For measuring minute forces or displacements 










where only a slight movement is permissible. 
Range +4, 8, 12 or 16 oz. at +.0015” dis- 


placement. 















PRESSURE TRANSMITTERS 


—For measuring aerodynamic and fluid pres- 
sures, both dynamic and static, in any range 


from +!/> to +5,000 p.s.i. 





ACCELEROMETERS 


For measuring accelerations. Standard models 


+1.5 to 50 G. Custom-built in any range from 
+1 to £1,000G. 


For details (or for assistance on special 


applications) please write us. 





WN :2en eo week easy |NNSTRUMENT MAKERS 


8222 BEVERLY BOULEVARD, LOS ANGELES 36, CALIF 

















WALTHAM 54 MASS. 
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Why Seco uses 


‘H-B MERCURY-PLUNGER 
| RELAYS 












Automatic voltage regu- 
lators must be dependable 
and relays play a vital 
part in ensuring dependability. 
That is why Seco uses H-B plunger- 
type mercury relays. They are 
dependable because dirt, moisture, 
: temperature changes, 
' humidity, etc. cannot 
4 affect their hermetically 


sealed contacts. 


H-B Relays are available for a-c 
up to 440 volts, for d-c up to 250 
volts and contact capacity up to 
* ® 30 amperes. Mercury-to-mercury 
6 | contact is instantaneous, positive, 
y silent, chatter-free and cannot 
burn, pit or stick. H-B Relays are 


H-B plunger-type mercury relay in- available to you, too. Send us 


stalled on the Automatic Voltage 
Regviator manufactured by Supe- 
rior Electric Company, Bristol, Conn. 


beg aa INSTRUMENT COMPANY 
ee 


2525 N. BROAD ST. + PHILADELPHIA 32, PA. 


your requirements for quotation. 








SRECISION-BORE | 
1 GLASS TUBES Wir 


















Cylindrical, Tapered or Square Shaped 


F. S. Precision-Bore Glass Tubes are made to exact 
inside dimensions for applications where interchange- 
ability and precise bore are required. 


Inside diameter: 0.216mm (0.0085”) to 100mm 
(4”) kept accurate within .01 to .00lmm (+.0004” 
to .00004”). For: Manometers, Barometers, Viscosim- 
eters, Flowmeters, Gauges, Pumps and many other 
scientific, technical and industrial purposes. 


Ask for Bulletin PB-298 
Made of Pyrex or Kimble NC. glass 


FISH-SCHURMAN CORPORATION 
230 East 45th Street, New York 17, N. Y. 
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fying element has been inserted in each of 
bridge circuit. The circuit is not so efficient slit P 
It has been found desirable to introduce tw, th rm 
elements (dotted connections in drawing ) . 
tion occurs during both halves of the cyc 
the exciting wave-form can cause inconve: 
tion; the second pair of rectifiers eliminat 


































The circuit just described (Fig. 192) ha 
tage that the rectifier elements appear in 
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measuring arms of the bridge circuit itself; they may 
in series with the values being measured, and error wi! 
introduced unless the resistance of* the bridge cireyi 
high—so high as to make the rectifier resistance neglig 
Another circuit, likewise having rectifying elements wit 
in the bridge-circuit arms, is drawn as Fig. 193. This 
one of the most efficient circuits of this type; it also sutfe W. 
from inaccuracy due to the presence of the rectifiers with 
the bridge circuit, unless the impedances are high compar 
to the rectifiers. 


















Two other circuits affording phase-sensitivity, but y 
having non-linear elements inside the bridge circuit. g 
shown as Fig. 194. The operation of these circuits dene 
upon the presence of a “polarizing” potential applied t 
rectifying elements. This potential (about one volt in ma 
nitude) when applied across a copper-oxide rectifier, caus 
it to conduct (and to rectify) if the polarizing potential 
in phase with the bridge-circuit output, but does not perm 


esac ron ie 
se] om = . ws 
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Fic. 194 
current to flow if the potentials oppose each other. It is t 
action which provides the phase-sensitivity. Fig. 194A illu 
trates a half-wave form of this circuit, and a full-wal 
circuit is shown in Fig. 194B. Both circuits have been a 
fectively used. 

These phase-sensitive circuits add greatly to the conven 
ence of operation of an a-c. bridge circuit. In certain typ4 
of measurements they make available actions of the bridg 
circuit which cannot be obtained in any other manner. Fo 
example, it is possible to adjust the circuit to permit chang@ 
in reactance without affecting the indication of resista? 
balance—and, of course, the converse. Their principal @§ 
advantage is the need for supplying the polarizing voitagt 
and occasionally for adjusting its phase. 

In many present-day gaging applications phase-sensit' 
rectifiers are used. Electron-tube amplifiers may con) ene! 
be used to increase the system’s sensitivity, and the cu! 
measuring instrument may be an ordinary d-c. milli» mmett! 
For dynamic work, the circuits are applied to ele: ‘romat ( 





netic galvanometers. 


* (To be continue 








* 
he versatile DILLON DYNAMOMETER fits © 


nto practically any mechanical setup where static & 















bad or tension must be determined. Measuring only 81/,” © 
“ 6," x 3", it is ideal for testing completed assemblies or & v, > . 
a x; bulky objects. Weighs only 8 Ibs. 4 oz., comes in 9 capaci- = 
ge cirecy ‘ 
a es from 0-250 Ibs. up to 0-20,000 Ibs.—all same size, 

CE ell, i 3 ~ r e Penne ae . 
as me weight. Write for technical illustrated catalog. 70? Postwan Plan When our war job is done, it 

92 TH: will be * obligati 
193. This Mw ¢. DILLON & CO., INC, 545™.maRson sr, ill e our O ligation to the 
t also suf’ bed * CHICAGO 44, ILLINOIS, U.S.A. gy optical industry to convert 


tifiers with our newly earned strength, our new power to pro- 


gh compar Dillou 4 ‘Gave ‘ - 
3 duce—all the ability, skill and experience that has 


ity, but i) YN A M 0 M F T t R a come to us under the driving necessity of war, to pro- 


circuit, a ae duce for full peace-time production and prosperity. 


cults deper 

pplied to tt This means even finer precision optics than we 
eaeecaill produced before. It means that you can be sure that 
potential SOMCO postwar products will have the same high 
s not perm quality, craftsmanship, precision and _ practical 


know-how experience that won for us five Army- 





2 a . . 
ay 8 Navy citations. 
xix ¢ 
pint pea SOMCO products can play an important part in 
<—XIKO . ‘ 
-— your own postwar plans. New and improved 
q : SOMCO methods, new ideas, new products—all 
B ¥ at ' born of years of applied research 
will be ready to better serve you. 
Keep posted on SOMCO product 
developments. y 
r. It is th 
a“ il BRING YOUR OPTICAL PROBLEMS TO SOMCO 
4 Tull-wa¥ 
ve been In the meantime, we are as always, ready 
to help you solve your present problems 
. and future plans. Consult us freely that 
he convent NQ we may work together in the interest of 
rtain typq bettering the days to come. 
the bridg : * 
anne F A tool to SEE wit 
= a MAGNIFIES the work under inspection, and FLOOD- 
resista® LIGHTS it with rays shielded from operator. Eye- 
neipal dis piece adjustable for height and angle. Heavy base 
lteat for stability. Lens of genuine optical glass, ground 
ig voitage by experts, to avoid all distortion. Three models— 
A, 3” lens, medium magnification, $18.50. B, 2°" OPTI A - 
t lens, 3x—$27.50. C, A v= 4 —— “ae eye- 
e sity piece enabling detaching from base for close in- : 
eee en ak ae oak, 3200 WEST CARROLL AVENUE - CHICAGO 24, ILL. 
Many plants use batteries of Magni-Rays for * 
t inspection of small parts. Order one with our 
:mete! money-back guarantee—then equip your shop. ~ PROJECTION LENSES * CAMERA LENSES = PRISMS 
mag OPTICAL FLATS * SOUND OPTICAL SYSTEMS AND 





199-A LAFAYETTE STREET 


., Inc. NEW YORK 12, N. Y. 





LENS COATING FOR LOW REFLECTION 


August 1945—Instruments—Page 563 


MINIMIZING REFLECTANCE 
(Continued from page 536) 


ample. A common type lens has five 
elements, only two surfaces of which 
are cemented together. Of the eight 
remaining surfaces, each costs the sys- 
tem up to 4% of the light supplied it, 
resulting in a total loss of nearly 30% 
of the light. When dealing with fast 
action and limited light as in war 
photographs or measurement technique 
such as light speed action—stopping, 
or movie film work, a terrific loss such 
as represented by an untreated lens 
may spell the loss of a most necessary 
picture. 

Commercial television depends upon 


a clear image at the end of an oscillo- 
scope tube. This can be badly spoiled 
if light reflections from the end of the 
tube interfere. The same applies 
throughout the television system from 
the pick-up of the image to the final 
projection in the home. With measure- 
ment technique such as used in profilo- 
meters, radar, optical projection, un- 
der-water sound, panoramic radio re- 
ception, aerial and surface craft navi- 
gation—all of which use optical sys- 
tems similar to television—the gain in 
image clarity demands lens treatment. 
This treatment can be applied to x-ray, 
ultra-violet and infra-red apparatus 
and even to metal windows used for 
transmission of radiations. 


INSTRUMENTS FOR INDUSTRY 








Pressure Gauge, Phenol Case 


Weksler Gauges 


WEKSLER offers to Industry another 
valuable service—a complete line of rug- 
gedly constructed and lastingly accurate 
Pressure, Compound, Ammonia, Freon, 
Altitude, Retard, High Pressure and Hy- 
draulic and Recording Gauges—in all 
Standard Ranges and in the cases and 
with the various dial sizes listed below. 


Recording Gauge 


DIAL INDICATING CASES: 
PHENOL CONDENSATE 


CAST ALUMINUM 
DIAL SIZES: 31/2”, 


CAST BRASS 
4/,", 6” and 8!/,” 


RECORDING CASE: CAST ALUMINUM 
CHART SIZES: 10” and 12”. 


Your inquiries as to WEKSLER GAUGES— 
types of movements, connections, list prices, 


etc., are solicited. The helpful advice of our 
Engineering Department is yours for the asking. 


52-56 West Houston Street 
NEW YORK 12, NEW YORK 
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Compound Gauge, Cast Brass Case 






So far only image 


“ UCtlor 
been mentioned, but pe. 
equipment where a 25° a. 

Sere 


illumination was obtain 
ic factor is important. O 
railroad signals, street 
mobile signals, economic 
ly a lens treatment is « 
such prospects, doesn’t 
user or maker need 
further? 
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would have been included by Lt. ‘ 
stad, we believe, if he had known 
have just learned about it in th: 
corresponding about the illust: 
this article: A. F, Turner. “Ant 
Fiims on Glass,” The Educat 
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N. Y.), Vol. XII, Spring 1941 I 
4-11. We heartily recommend thi 
non-mathematical readers.—M.F 
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Ih MAGNA-BOND Controlling 





Rota-Line Armored Rotameter with recording-con- 
trolling Magna-Bond instrument attached directly to it. 
The pneumatic system in the instrument case will 
position an air-operated valve in the fluid line to 
automatically maintain the flow rate at any desired 
amount, 


FISCHER & PORTER CO. 
MATBORO, PA. 






RESTORING TORQUE ON MAGNA-BOND 
PEN ARMAS THE PEN DEVIATES 
FROM THE CONTROL POINT 
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n \ Curve showing the powerful positioning force of the 
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ROTAMETER 


has sealed Magnetic Transmission 
of the float position! 
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SAFE for dangerous fluids 


The new “‘Magna-Bond’’rotameter is a really safe way to measure 
the flow rate of an inflammable or corrosive fluid. The position 
of the rotameter float in the ““Magua-Bond” is transmitted to an 
external follower arm by a magnetic bond that is frictionless 
and completely sealed—not even a stuffing box is neces- 
sary. The follower arm drives an indicating pen or a recording 
pen and/or a pneumatic system for automatic flow rate control. 
By using a spring-wound clock to turn the chart, the recording 
instrument is entirely explosion proof. 

The magnetic bond between float and follower is unbreak- 
able. Our new patented magnet arrangement guarantees that 
no matter how fast or how often the flow rate changes, the 
float cannot lose the external follower. 

The ‘‘Magna-Bond” offers all the advantages of the rotameter; 
namely, low pressure loss, wide flow range and high accuracy 
through frictionless float travel and linear calibration scale. 

For a completely sealed, explosion-proof and accurate 
flow rate recorder-controller, many industries are now 
using the ‘‘Magna-Bond.” Read all about it in our latest instruc- 
tive bulletin 50-B, entitled ‘‘Rotameters for Automatic Flow Rate 
Control.’ Write for a free copy. 


FISCHER & PORTER CO. 


2308 County Line Road, Hatboro, Penna. 
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Curtiss-Wright Wind Tunnel 
(Continued from page 537) 


tight, and the two tunnel doors of the 
test chamber are opened by remote con- 
trol. The test chamber is now merely a 
section of the tunnel. 

Two adjustments by the tunnel con- 
trol operator are now required. First, 
he sets a switch which aetermines 
whether the pressure system or the vac- 
uum system is to operate; second, he 
sets the control pointer of the Foxboro 
instrument for the desired static pres- 
sure. From here on, control is auto- 
matic. A pressure switch in the static 
pressure tap from the tunnel to the 


pneumatic controller automatically de- 
termines which of the two bleed valves 
the instrument is to control. The de- 
ciding point, arbitrarily set, is at 20 
lbs./in.* gage pressure. If the static 
pressure is to be above 20 lbs., the 4” 
bleed valve is used. For pressures below 
20 lbs., and including the entire vacuum 
range, the 6” bleed valve is under in- 
strument control. 

The use of these two alternative bleed 
valves, according to the density of the 
atmosphere within the tunnel, facili- 
tates the precise control of static pres- 
sure at the desired point and the relief 
of excess pressure at a gradual and 
known rate of flow. The same valves 
function, similarly but in a reverse di- 



















New Shankless Roll-Forged Drill is 
Faster, Tougher, More Economical 


Developed by Ford for wartime uses — available 


now to industry in general. 
cost,’ 


“drill driver. 


worn out. Here, 


Ingenious New 


Technical Methods 


Available Now to Industry in General 


“More holes at less 
is the claim for this ingenious new Shankless 
high speed drill—made in two parts—the drill it- 
self, and a removable taper shank, known as the 
’ By this separation, costs to the user 
have been cut 20% to 30% under conventional taper- 
shank drills. In the conventional drill, the shank 
must be discarded when the point and flutes are 
however, the drill driver is used 
throughout the lives of many drills. Shankless drills 
are roll-forged and twisted, unlike the machined 


\ 





























Shankless Drill and ‘‘Drill Driver” 


manufacture of ordinary drills, for improved struc- 


ture, 


Principal advantages are (1) Lower first cost. 
(2) Greater hole production because of greater 
“shock- 
neck. (4) Greater length of usable flute. 
(5) Greater scrap recovery value of unused portion 


strength. (3) Reduced breakage with tough 
absorber” 


of drill. 


Wartime advantages of Wrigley’s Spearmint Gum 
can help in- 
In the 
meantime,.no Wrigley’s Spearmint Gum is being 
made; and none will be made, until conditions per- 
mit its manufacture in quality and quantity for 
‘remember 
” as the symbol 


show how this quality product, too, 
dustry—once it again becomes available. 


everyone. That is why we ask you to 
the Wrigley’s Spearmint wrapper, 
of top quality and flavor—that will be back! 


You can get complete information from 


Republic Drill & Tool Co., 322 S. Green St., Chicago 7,1. 
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Remember this wrapper 


Z-78 








rection, when there is 
instead of static pressu 
Instead of two contr: 
stallations, one for press 
one for vacuum, one Fo) 
was made to do the w 
means of a _ pneumati 
three-way valve, which matieg] 
reverses the impulse fron air p 
Ir Tela 
and therefore the action © contr 
valves, when tests are bei! ude undg 
conditions of partial vac. In sho 
any condition of pressur vaey 
within the measuring range of the ; 
strument is also automatically unde 
instrument control, and the instrume 
adjusts itself to become a pressure eg 
troller or a vacuum controller, accor 
ing to the setting of the c | poing 
At the conclusion of a test, the te 
chamber is locked off from the tuny 
and its air content brought to atmos 
pheric pressure, so that workmen ap 
observers may safely enter. The cont 
of the three air-tight doors is a featy 
of importance in the tunnel design, } 
is provided by two Foxboro “Rotax 
differential pressure controllers, so jp 
stalled as to measure the differentig 
between the air pressure within the tes 
chamber and within the rest of the tun 
nel, and also the differentia! betwee 
chamber pressure and the outside at 
mosphere. The “Rotax” controllers, hay 
ing a number of electric contact cireuitg 
which, through relays and _ solenoif 
valves operate large equipment electri 
cally, keep the chamber doors secure 
closed whenever the tunnel is in opera 
tion and the measured differential ig 
greater than 4” of water, or approxi 
mately 0.01 Ib./in.? 
From the safety viewpoint, the im 
portance of this installation is obvious 
Automatic control of the air-tight doors 
prevents any accidental opening of 
them, which might cause disaster 
through explosion or implosion, or s¢ 
ous “bends” injury to personnel. 
Safety is further assured in the eng 
neering of the instrumentation at Cur 
tiss-Wright. All instruments art 
signed to “fail safe”; that is, cas 
of failure of the air supply 1 
tunnel pressure controller, the ble 
valves will open; and if any 
“Rotax” controller’s electric circuits 
should burn out or fail, the « 
doors will remain closed. 


H Vaeu 
the typ; . 
trument § 
Service ay 
controll 
two, } 

~ Operata 


























































































































































In addition to the prime fa 
safety, operating economy is an 
tant consideration in the Bogs tr 
tion of the wind-tunnel. Norm 
to three hours’ operation is requ 
the compressors to raise air 
within the tunnel from atmos 
60 lbs./in.?. In valuable time, 
as in electric power, the expe! 
siderable. But, with air-tight 
the test chamber, only that 
is within the chamber is reliev 
conditions in the rest of the t 
held as they were during th 
the appropriate scheduling ci ¢ 
sive tests, the maximum use ‘ 
made of tunnel conditions. 












differentia 
hin the teg 


ent electri 
rs securely 
s in opera 
erential } 
r approxi 


t, the im 


One way to startle the lay public into energy for the direct operation of 
awed pleasure is to show them a door meters and meter relays without am- 
pened by means of a photoce//. plification. They are lightweight, too. 
The practical beauty of this stunt is They are a good way to beat competi- 

t you can do it over and over again ‘tion to a Customer. 
without failure, even where shattering If you have any control problem 
vibrations exist as part of normal op- that has defied solution with a simple, 


. d os - * } F ; This center tap, full wave rectifier for 
erating conditions. For the Luxtron durable piece of apparatus, perhaps high frequency current is ene of @ wee 
ful group of copper oxide rectifiers 
developed by Bradley. Illustrated 
Coprox’’ bulletin mailed on request 


photoce// is really rugged. Bradley can throw some light on it 
Another advantage is that Luxtron and make that light do the work for 
tocells convert light into electric you. Write for literature and samples. 


M. REG. U. S. PAT. OFF atthe en 


PHOTOCELLS—MASTERS OF LIGHT RR AEN MASTER OF PHOTOCELLS 


RADLEY LABORATORIES, INC., 82 MEADOW STREET, NEW HAVEN 10, CONNECTICUT ee 
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Vibrotest, 
for insulation 
resistance test- 
ing. Crankless. 
Many models. 















oF ‘74s 


ELECTRICAL 
TESTING, 
INDICATING, 
RECORDING, 
CONTROLLING, 
INTEGRATING 
INSTRUMENTS 
YOU ARE 





* 
LOOKING FOR. » 


. 
















Associated Research, Inc. 
Has the Answer 


We show here only a few of the many 
manufacture for 
eral and particular services. Simple, re- 
liable and sturdy. We design and build 
requirement. 


instruments we 


for every 








gen- 





HYVPOT—High voltage HAND 
insulation Breakdown TACHOMETER 
Tester, Rubber Tired Measures r.p.m. and 
Wheels. feet per minute. 
VOLTAMMETER 


8 ampere ranges 
voltage ranges 


3 


VIBROGROUND 
Measures ground 
resistance. 


Model 302 Keeler- 
Polygraph (Lie De- 
tector) shown to 
right. Compiete in 
one instrument. 


“eeerengeseesnemensitimmens 


DO YOU NEED RESEARCH 


OR DEVELOPMENT WORK? 


Associated Research's specialists are al- 


ways available, 






Complete mechanical 


and electrical facilities are at hand for 


design, 
for industrv. 
and individuals. 


development and 
institutions, 


Bring your electrical instrument problems to us. 


SSOCIATED 


® 


RESEARCH, 


233 South Green St. 
Engineering service representatives in all principal cities 


Lmacortaorate 


manufacture 
laboratories 





Chicago 7, (il. 
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The Month’s N 


SINSTROMEN: 


In this department we report each month new devices for measure: 
spection, testing, metering and automatic control—in the form of con 
nical descriptions. When writing to manufacturers directly, please men 
department. Or write to Information Section, Instruments Publishing C, 













S 










Multi-band Cathode-ray Tube for 
Ultra-rapid Writing Rates 


New “Type 5RP” multi-band cathode-ray 
tube with its 22,000 volts accelerating po- 
tential permits recording at writing rates 
in excess of 2500 km./sec. (using a 35-mm. 


F 








ASE Samane ” sina tte aicemnatintltiesieeine sae 8 nant on tine ne 
camera with an f:1.9 lens) corresponding 
to sine wave transients at 40. megacycles. 
New tube is of hot-cathode permanently 
sealed high-vacuum type. Subdivision of in- 
tensifier element provides a controlled gra- 
dient allowing a total accelerating potential 


of 22,000 volts to be employed with only 
slightly reduced deflection sensitivity. 
Greatly increased brightness with small 


writing rate said to 
heretofore ob 


spot size results in a 
be “far greater than those 


tainable.” A cylindrical flat-face tube of 
the same approximate size as other 5” 
cathode-ray tubes, Type 5RP is constructed 
with deflection-plate leads brought out 
through the glass neck instead of the base. 
Shunt input capacitances and cross-coup 
ling effects are minimized with this ar- 
rangement. Second anode and _ intensifier 


envelope 
-Allen 


Ave., 


leads are brought out through the 
to facilitate high-voltage operation. 
B. Du Moznt Laboratories, Inc., 2 Main 
N. J. 


Rectifiers 


Passaic, 


New series of rectifiers is announced. 
“Type 201-A” is designed to furnish fila- 


ment and plate currents to line amplifiers 
such as Langevin “102 Series,” delivers 275 
volts at 75 ma, and 6.3 volts at 8 amperes 
Length 10540”, 5 i, maximum 


” 


2 width 5 
height 6%” (51%4” above, 1” below mount 


9 














ing chassis), occupies one-t 

“Type 3-A” mounting frame ‘ a 
is similar to “201-A” except aa 
tional stage of filter is includ 3 wa 


is designed to supply filame: 
power to quiet pre-amplifiers 
associated line amplifiers suct 
“102 Series.” Both series are sa 
excellent regulation and low 1 nites 
—The Langevin Company, Ih 

65th Street, New York 23, N. } 





Fatigue-testing Machine 

New small machine for testi: 
plywood and lighter sheet met: vith 
alternating force capacity of 
said to be ideal also for testin: 
components and machine parts 
peated bending and repeated to 
is described as “truly a un 
chine.” Any predetermined alterr 
can be kept automatically const 
less of changes of deflection that 1 
in specimen under test. Machin 100-1 
capacity can be adjusted in incr: ts 
0.2 Ib. Speed is 1800 load cycles jp: 
Maximum capacity in bending is 
}ounds; in torsion 1125 inch pi Ma 
chine will test plastics up to 4” 
aluminum alloys of and st f ap 
prox. 44”; has ample space for test 
assemblies and it is adjusted easily 
ous specimen sizes. Numerous tap] 
and T-slots in the platens will accé 
special fixtures. Machine is seismi« 
pended in frame to eliminate vt I 
floor.—Southwark Division, Bald L 
motive Works, Philadelphia 42, Pe 


a 
YI6 + 












Current-force Recorder for 


Welding Studies 

New current-force 
current and force in resistance wel g 
chine electrodes is for use in we g 
search and for periodic checking of 
machine performance. It is sj 
signed to be helpful to 
storage type welding machines for 
mining when forge rressiure is 1 to 





recorder for 


users of 







































HOV.’ WE SAVE 45 MINUTES OUT OF AN HOUR 


When Connecticut Telephone & Electric 
Division began to make aircraft ignition 
terminals for a famous engine manufac- 
turer, we knew that standard testing 
procedure could not keep pace with our 
mass production methods. Even a score 
of trained inspectors, each equipped 
with high-voltage testing equipment, 
would soon fall hopelessly behind. 
Again Great American Industries engi- 
meers overcame a stubborn wartime 
bottleneck. They designed an electro- 


mechanical tester which accurately 
checks four parts faster than former 
methods could check one. Five such 
testers, operated by unskilled persons, 
have a capacity of 12,500 tests an hour... 
with a degree of error almost too small 
to measure. 

This is but one of many new methods, 
contributed by G.A.I. engineering to 
speed the war effort. It will be equally 
important to efficient electrical manufac- 
turing in time of peace. 








HERE'S HOW IT’S DONE 


Operator places terminals to be tested in slots at 
edge of turntable. As each part reaches test point, 
one electrode of a 10,500 v. circuit contacts the 
conductor element of the terminal... while an- 
other encircles its insulating shell. Current leakage 
through minute cracks or porous sections of the 
insulation operates a relay which ejects the faulty 
piece. If the terminal meets specifications, it auto- 
matically.falls into a chute and is conveyed to the 
packing bench. This swift, foolproof tester lends 
itself to many production tests of insulation. 


CONNECTICUT TELEPHONE & ELECTRIC DIVISION 


GREAT AMERICAN INDUSTRIES.INC.* MERIDEN, CONNECTICUT 
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PORTABLE POWER PROBLEMS 


THIS MONTH—BROWN-DUVEL MOISTURE METER 





BURGESS INDUSTRIAL BATTERIES power the Brown-Duvel Moisture Tester, made by Seed- 
buro Equipment Co., for the determination of moisture content in grain. And in thousands 
of similar industrial applications Burgess Batteries are providing the power for electronic 
test equipment. Purchasing agents and maintenance engineers know they can get a 
Burgess Battery for every need from their local Burgess distributor. For information on 
the complete line of dry batteries for all test and control instruments, write for the name 
and address of your nearest Burgess distributor. 





ELECTRONIC ENGINEERS VOTED Burgess Industrial Batteries first choice in a recent nation- 
wide survey of dry battery preferences! If you need a special battery for a new instrument 
or a new application let Burgess engineers solve your problem with the correct battery 
type. Burgess Battery Company, Freeport, Illinois. 


THE JOB AHEAD—JAPAN! 


’ BURG ESS 
BATTERIES 


Ounces ; VOTED FIRST BY ENGINEERS 


®4Tteny 


<oMPany IN NATION-WIDE INDUSTRIAL BATTERY SURVEY 

















Recognized as the MOST COMPLETE LINE of dry batteries 
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the work with respect t ed 
welding current. In add P 
permits resistance weld 
to comply with Navy Sp« 
PW-6A, Bureau of Aer 
tions for.the Spot Wel 
Alloy, for Class A Spot " 
cerder consists of an an * 





unit and a special electr a a 


fier-oscillograph unit, wh 
a 115-volt single-phase y 
source, is composed of a .} 


plifier, an oscillator, a pi mit 
small magnetic oscillogra Tite 


a sturdy metal case. Thi 
ously records a timing w 
changing electrode force, 
current of the welding 
weld is being made. Recor 


squeeze time, duration an pntins 
welding current, rate of ris Prewinn A 


sure, and hold time. Special « 
is equipped with strain gag; 
ing compressive strain, whi 
of the force in the electrod: 
shunt for diverting from tl} 
proportional amount of cw 
used to operate an oscillog: 
eter. In operation, a 5000-cycl 
the oscillator is applied to 
strain gage bridge circuit, 
two opposite points is a mea 
on electrode. Bridge output is 
plifier, which amplifies modu 
and rectifies and filters am; 
Output is then fed to oscilk I 
record is made. Welding current 
60-cycle timing wave are re 
taneously on the 3%” strip cl 
Products Division, General 
Schenectady, N. Y. 


* 





Portable Kilovoltmeter 


New No. 759 Portable Kilov 
5 ranges that provide 1, 2, 
kilovolts d.c. at full scale. 
built-in indicator is + 2%. S« 


features have been incorporated i 
reversing switch which makes 
sary to change connections to t« 
Kilovoltmeter if polarity is rever: 
ing posts are available so that 
indicator may be used if full-scal: 
better than 2% is required. Resist 
tiplier section is carefully adjust 
0.1% so that, if required, mor 
indicators may be used with th 
connection. This also permits 
taps of multiplier to be used 
high-resistance standards. Inst 
mounted on an engraved Bakelit« 
is housed in a golden oak cas 
10144” X 10”.—Shalleross Mfg. C 
dale, Pa. 


Battery Receptacle 


New three-contact battery recs 
forming to Army-Navy Specifl 
2552 mates with any standard A 
and is adaptable to aircraft sta 
ment and other uses. Four com! 
available : ““AN2552-1,” complet« 

























































































shield and three pin contacts; Na 


shieldless small pin contact; “ 
panel without shield but havi! 
contact; “AN2552-A2,” panel w 
pin contact. Contacts are bras: 
plate finish, and meet AN cap 
ments; one negative, one pos 
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u Quicker than a Lightning Flash! im 

Itmeter High-speed 8 AG Instrument Fuses are another Littelfuse 


















first—the first to protect under 14 amp. and, for over 18 years, 
a reliable protective fuse for safeguarding delicate instru- 
ments — galvanometers, microammeters, thermocouples, 
milliammeters, radio tubes, testers, rectifier tubes, etc. 


ess continues 
ed custom- 


ilovolt cf 
our busin 


1 as satis 


Today; 







acturers ® 


The Littelfuse patented construction insures consistent radios 







high-speed action, opening circuit long before overload airplanes, “me equipment - -* 
reaches dangerous magnitude. and electronics ©T" nd build- 
: 1 to the utilities a I The 
ana 4 © melt. , 
. sd ustrtes yior 
ing # bh we won p ne 


ion whte: 


-eputat 
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us the oppo” - i 
jrcuit protec: 


tunity Navy 
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ijusted w = wt z , , i ' : N which our ' : 
en a hese “quicker than a short circuit” Littelfuses are available YP on U hich ely: 4 quality f 
¥. exte in current ratings from 1/200 amp. to 2 amps. at 250 volts or 3 founded, wane : ] materials 
its individ less (1" x 14" dia.) , Ar Cpmansbip 2M© en in 
1 A . . . . . . my op wor k 9§ for pres i 
Instrun Also available—wide selection of instrument fuse mountings ; which mak© J’ nal safety 
lite I and fuse extractor posts. PCUIT SAF . : rotection P ; 
cats j circuit p 
Cc ( iRC tT PR 
LITTELFUSE INCORPORATED cal 
} SAF t ccadent 

4757 N. Ravenswood Ave., Chicago 40, lilinois Presid 

cle P ‘ CIRCUIT PR 
lants in Chicago and El Monte, California. 

ioe < CIRCUIT SAF ent 
if 
AN2551 SAFETY FIRST 
: =CHION CIRCUIT SAFE 
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HIGHLY AccurATE, STABLE VT VoLTMETER 


features WAR RESTRICTED 


DEVELOPMENTS! 


TELEVISO, pioneering in the production of measuring appa- 
ratus for the SONIC to UHF SPECTRUM, has specialized in 
building dependable Vacuum Tube Voltmeters. 


A necessity wherever dependable voltage measurements within 
the range of 7 cps to 500 megacycles are required—the Televiso 
Series 200A VT Voltmeter is highly accurate and stable. IM- 
PORTANT WAR TIME DEVELOPMENTS ARE AVAILABLE 
FOR THE FIRST TIME IN THE FOLLOWING FEATURES: 


SUPERSENSITIVE RANGE—the lowest readable voltage is .05 volts on a maximum 
scale range of .5 volt. 


FIVE VOLTAGE RANGES—.5, 2, 15, 50, 150—spread full scale on a 414” meter 
dial for easy reading. Accuracy of readings are 2% full scale; middle scale accuracy 
is 5% or better. 


PROBE CONSTRUCTION—detachable probe to eliminate cable wear; easily dis- 
mantiled for tube replacement or for soldering to tube terminals for measurements 
in the 250-500 MC region; flat 12” wide brass terminals connect to input to make 
easy soldering to test or work piece; for low frequency work up to 100 MC, remov- 


iw 


able banana plugs are spaced 4” center to center for use with standard jacks. 


MECHANICAL CONSTRUCTION—of aluminum throughout; panel and cabinet 
are 4,” thick (cabinet is dural.); sub-chassis is 4%” and spaced off the panel by 
studs to simplify servicing; all components are fastened to sub-chassis. 


ELECTRICAL CONSTRUCTION AND CIRCUIT—Series 200A utilizes the finest 
components throughout and carries a two year guarantee. The circuit is a stable 
place circuit rectifier. No diode input tube is used. The plate circuit rectifier type 
makes available higher input impedance at all frequencies. No shorting of input 
probe is required for zero adjustments. All zero adjustments are made once and 
remain constant. A panel adjuster is available to make the unit usable without 
heating up time. All filament and plate voltages are transformer and tube regulated 


BUILT-IN CALIBRATION VOLTAGE—AIl units have a jack which produces a 
constant 6.3 volts for standardizing. This is the regulated filament voltage. The 
sensitivity can be adjusted without tools in the event tubes are replaced in the field. 
The Series 200A will operate satisfactorily from any source of voltage from 95 to 130 
volts a.c. Line voltage surges are not observable during use. 


SIZE—14”H x 914"W x 714”D. Guaranteed 2 years. Price $170.00 F.O.B. Chicago 


contacts are ¥” diam.; sn 
diam, for indicator light. R« 
is phenolic, drilled for two 
Shield is die-cast aluminum a 
blast and clear lacquer finish 
fasten shield to panel. — Ca 
Development Co., 3209 Humti 
Angeles $1, Calif. 


Coffin Type Planimete: for 
M.1.P. Determination 


New streamlined Coffin typ: inimete 
for determination of mean indicated pre 
sure from engine indicator diagrams, is sim 
ple to use, requires no technica! training 











eliminates all calculating. It is 
standard with commonly-used _pressur 
scales, and instructions, in a sturdy con 
pact case.—The Trill Indicator Co., ” 
Bennett St., Pittsburgh 8, Penna 





High Chart-speed Gearing for 
Recorders 


New ranges of chart speeds fo: 
tronik Pyro-Potentiometers” are ar 
Standard speed electronic recorde! 
or multiple-point models, incorpo: 
changes for speeds of 5, 10, 15 and 
per hour; fast speed electronic m« 
gle- or multiple-point, will have 
mounted gears for speeds of 10, 2 
40 inches per heur. As shown i: 


7466 IRVING PARK ROAD ° CHICAGO 34, ILLINOIS 
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inimete 


ted preg 
ams, is sin 
training 


Many an intricate and fragile mech- 
anism — secret and vital to military 
The Texlock - cushioned in- A 7 if 
rer container is placed ina § use —is now packaged and shipped to 
steel drum and the lid sealed . eer ° ° 
with a Svonagex* Gasket. desert, jungle or arctic destination as 
matter-of-factly as any shipment of 
canned goods. Efficient, constant pro- 
tection against shocks of travel and 
varying climatic hazards is assured by 
INS. Texlock* — the modern, pre-tailored 
Safe and snug—it takes the | packaging material. 
shocks of transportation. cS : 
Texlock — rubberized hair or bonded 
fibre — is lastingly resilient. It is un- 
affected by moisture, heat or cold — 
will not become brittle, bunch up or 
ge shift about. It can be pre-tailored to 
Texlock packaging with the closely cradle any shape, size or weight 


sealed container resis*s all 
climatic conditions. 


Full and half-round cord 
or tubing and molded strips 
in various shapes for any 
sealing or gasketing job. 


cate Sama Seanoeat 


of article and to fit into any case, car- 
ton or container. It may be used 
repeatedly for shipping new, or re- 
turning worn or damaged parts or 
assemblies. 


The idea illustrated here — plus a host 
of other Texlock uses for cushioning, 
packing and space-filling—may be the 
answer to your packaging problems, 
wartime or peacetime, domestic or 
export. Write for samples, describ- 
ing your specific problem. Sponge 
Rubber Products Co., 236 Derby 
Place, Shelton, Conn. Plants in Derby 
and Shelton, Conn. Sales Offices: New 
York, Chicago, Washington, Detroit. 


*Trade Mark Reg. U. S. Pat. Off 


Spongex is a resilient 
flexible, blown form of 
rubber available in 
soft, medium and firm 
densities. 


NGE RUBBER PRODUCTS Co. 


- MANUFACTURER OF CELLULAR RUBBER AND BONDED FIBRE PRODUCTS 
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STANDARD TRANSFORMER CORPORATION 


1500 N. HALSTED STREET 
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companying _ illustration 

changed by removing sc 
A and B and by lifting t} 
assembly. The new speed 

stalled and screw C is rep] 
strument Co., 4482 Wayn 
phia 44, Penna. 


Equipment for Ten: Tests 
in Field 
Newly-developed applicat 
Jenny Center Hole Hydra 
tensile testing. Illustration < 
10010 Simplex Jenny,” of 10/ 


<a 


se 


Ks 
Sy 
: 
te 


ait 
“Ss 


testing a 1%” cable sling to 90,( 
clevis through the dead eye is se 
long bolt which has been inserted 
the Jenny and fastened above the 
cal ram. Tension is continuously 
on dial. Available in five models « 
to 106-ton capacity, the Jenny is we 
ed for making tensile tests of cal 
hooks, etc. Most tests can be madi 
man.—Templeton, Kenly & Co., 102 
tral Ave., Chicago 44, Ill. 


D-c. Solenoid Contactor 
New “Type 71” direct-current 
contactor is a sturdy, compact unit 
voltage power application on eit 
tionary or mobile apparatus. Ma 
and contacts are tully enclosed it 
netic iron case, with cap spun ove! 
vide complete protection against dil 
ture, vermin, and other destructiv 








re plated for further pro- 
itactor is available with 
lly-open double-break con- 
0 amperes continuous; 3900 
it 32 volts d.c. and below. 
nagnet coil with insulated 
pper contacts are standard, 
yys are available. Approxi- 
iit, width 3% depth 3”, 
erage weight, 14 ounces. 
igned for Air Corps speci 
hae pass 10 @ vibration or ac- 
! , a4 nd withstand vibration and 
: ee, encountered in passenger 
R-B-M Mfg. Co. (Div. of 
), Logansport, Indiana. 








Diaphragm Motor 


ip neuma IC 


- row “M 1 V” Diaphragm Motor is 

lly ened for use in conjunction 

9 throt . type pneumatic control in- 

"a % ments operate rotary stem valves 





SA 


similar mechanisms. Its novelty lies in 
2 use of an outboard type of lever con- 
tion to the valve, permitting mounting 
motor directly over valve body rather 
un eccentrically. It is unusually com- 
t, has a low center of gravity and, when 





with a pneumatic valve positioner, is 
werful enough to operate valves up to 
n size. Operating lever can be clamped 
any position of the lower 200° are and, 
lesired, an additional lever can be at- 
hed to other end of shaft.—Conoflow 
yrporation, 2100 Arch St., Philadelphia 3, 





able, rods Automatic-control Switches 






aie @ 4 New “Cam-Stat” line of control devices 
" said to be complete and to embody a 

hique snap action arrangement which lends 

elf to unusually accurate control of 

mperature, pressure, humidity and me- 
tor inical displacement. Other features are 
t japuble-break contacts; applicable range 
it 7 i 100°F. to +600°F.; enclosed con- 
ither steggec’S: S-p.s-t., s-p.d-t., or independent cir- 
Sonat it d-t.; resistant to vibration; low ther- 
in macMge?! lag; tamper proof; adaptable to any 
er, to] punting means; contact openings fron 
lit N10” to 0.060”, as desired ; operating parts 





ways in balance thermally as well as 
ometrically; accuracy of calibration not 
lected by under-heat or over-heat condi- 











Model 39-VTF, Series 
A, showing simplicity 
and portability. 








ee 


«+ FOR FREQUENCIES IN i600 1200 CYCLE BANDS 


MODEL 39-VTF, Series A, a new devel- 
opment of J-B-T engineers; measures fre- 
quencies in six specific bands with 
accuracy of + 0.25% of the frequency 
being measured, and with sufficient 
amplitude to be easily read. 


Vacuum tube multivibrator circuits di- 
vide the incoming frequency by 1, 2, 3, 4, 
6 or 9, depending on the position of the 
multiplier switch, and show the result 
on the time-tested, standard 400 cycle 
meter. 


Regular line current is used for power 
supply, permitting an input sensitivity 
of 500,000 ohms. Response is not affected 
by irregular wave form, nor by harmonic 
content of unknown frequencies of less 
than 10% or 15% ... and input control 
permits use from 100 to 350 volts. 


The result is an instrument of high accu- 
racy and high stability with permanent 
calibration . . . especially useful for 
checking audio oscillators, frequency 
converters, radar equipment, and for 
standardizing less accurate frequency 
measuring units. 


Manufactured under J-B-T and/or Triplett Patents and Patents Pending 


age’ INSTRUMENTS, INC. 


2400 
3600 


Check These Points t3 


°e EXTREME 
..within + 0.25% of frequency 
being measured. 


ECRPAAANIEAIT ACCLIBA 
e PERMA VEN! ALS UARA 


ACCURAC 


. + . no further calibration or 
standardization required at any 
time. 

* STABILITY...no temperature 
drift after initial 30 second 
warm-up. 

¢ BURN-OUT PROOF no 
protection needed against acci- 
dental above-range frequencies. 


* SENSITIVITY , . . 500,000 
ohms, 
¢ SIM ~ITY |. uses standard 
tubes. 


built-in switch is J-B-T’s own 
rugged, coin-silver plated in- 
strument switch, as supplied for 
re — testers. 


VB he , . just off 
press, illustrates other types of 
J-B-T Vibrating Reed 
Frequency Meters. ' 
Ask for Bulletin Ter 
VF-43-1C, 


t 
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tions. “Cam-Stat” temper 
fully adjustable over a ‘ 
are furnished with oper * 
| running down to as low Th. 
| “small, light, rugged, p 
handle substantial loads 


4 “Model C” thermostat wi ee 
/ "4 one ounce and rated at 10 ee 
e a.c. or 28 volts d.c. Other f “Can 


Stat” thermostats can be 

any thermal control prob 

Henry Co., Thermal Division 
Cienega Blvd., Los Angeles F 

























Near-ultraviolet Lamps 

New “Vio-Ray” line of k 
Lamps,” said to provide travicililt 
radiation in the region of 3( Angstrol 
Units, is announced. Accordi A 













‘The groove in the roller of the Helicoid movement has a 
helicoid surface. This surface is hard and polished. The 
Bakelite cam rides on this surface in continuous, rolling point 
contact. No metal spur gear teeth can compare with this 


combination in wear resistance, smoothness and accuracy. 


The principle of the helicoid is as old as Archimedes. 


But its use to translate and multiply linear motion into 





rotary motion in the same plane is new in the Helicoid a —_ 
facturer, new light source is Mazd 
movement. And the Helicoid movement is the first new, ee en eeeenee the ap 
“Vio-Ray” plastic filter that ab bs u 
: : y ; 5 ° wanted visible light, yet permits | pas 
major improvement In pressure gauges since the Bourdon sate at tubeuitreviaie: taht. New lam 


operate with standard fluorescent equi 
ment, and are said to provide an i 
source of near-uv. radiation for a UDI 
cations requiring excitation of fi escent 
Only Certified Pressure Gauges are made with the Helicoid pigments and materials.—Vio-Ray Mfg. C 
5022 N. Kedzie Ave., Chicago 25, Illinois 


tube was invented. 





movement. They are guaranteed to test-gauge accuracy. 
Two-meter Spectrograph 
New two-meter grating spectro 
designed for analysis of highly ail 
rous metals and other materials c 
complex spectra, as well as for x 
search work. Capable of identifyin 
ments, new Spectrograph may be 
identification, sorting and miscellar 
research applications, as well a iting \ 
or research quantitative analysis chiilows 
dispersion yet compact instrum: wasmmpuit 
achieved through vse of super-fine ting al 
Two kinds of original gratings : vail 
able: One has 36,600 lines per 
91,500 total lines, produces a disp 


Yet, they will wear longer and remain accurate longer 


than any other pressure gauge made. 






They are ideal for engines, locomo- 






tives, turbines, tractors, hydraulic 






presses, pumps, and compressors. 















See your nearest Distributor. 





AND INSTRUMENT CORP. 


‘a 
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OA 


an 


ips 

k Ligh 
Itravio| 
Angstron 





t 


ble for Pp! 


_ in the first order and 1.70 


» ALU. PE . 
po A ? nd order; spectrum avail 


iphy in first order is 2100- 
3500 in second order. The 
has 24,400 lines per inch, 
nes: dispersion of 5.2 A.U. 
first order and 2.6 A.U. per 
ond order; spectrum that 
in first order is 1850 to 

, 4500 in second order. New 
n be supplied with either of 
ngs. Both may be furnished, 
either may be brought into 
angular shift of incident 
grating to the other, A 24” 
a, providing a 20” spectro 
-mm. spectrum film, is mov- 
is arm allowing instantane- 
h in regions from 1850-9200 


and 


tO manwlr, This es a versatile operating unit: 


1ini ng the Rowland circle so that 
nn of total 60” spectrum may 

ed at one time. Two cameras 
supplied for simultaneous 

of 40” of the spectrum. 


en tra can be photographed on a 
le sti of film. Controls and camera 


at at one end of instrument. A 
| panel governs shutter timing, 
aperture racking and grat- 
ening. Instrument is so con- 

t it is possible to enclose camera 
larkroom. Outside dimensions, 


4 1. R. L. Dietert, Glendale, 


1830 Roselawn Ave., Detroit, 


Pocket Circuit Tester 
\ll-Purpose Circuit Tester” for all 
to do with electricity, is conven- 


nt vest-pocket type, and indicates voltages 


on 


a 
2da flu reg 
the specia 
bsorbs w 
is the pas 
New lam 
ent equiy 
an efficien 

1 APpil 
fluorescen 
y Mfo. Co 
, Illinois 









A Ge 
lows 

uit co 
ine. Ti 


New 
ifically 
onsultat 
ments ¢ 
0 fill t) 
greenho 
measur 
xtract 
self- 
Pera te 
tathod 












c, and 60 a.c., to 500 volts a.c. or 





neral Electric neon lamp on the top 


1 varying intensities indicating cir- 


litions. No glow indicates a dead 
lamp lights on currents as low as 
ampere. — Amerline, 1753 North 
‘t., Chicago 22, Illinois. 





Soil Tester 

lu-Bridge Soil Tester,” built spe 
for soil workers, was designed in 
on with the Agronomy depart 
several State Agricultural Colleges 
growing need of soil workers and 
semen for a practical instrument to 
the electrical conductivity of soil 
particularly greenhouse soils. It is 
ntained sturdy, low-cost, easy-to- 
-c. Wheatstone bridge, employing a 
iy “eye’”’ tube to indicate point of 
ind operating directly from 115- 
ycle power line. A temperature com- 
is incorporated to eliminate need 
utation. Range is from 10 to 100( 
0-5 specific conductance, corrected 


M/Z 


fi A 
Water Proof, Moisture Proof 


aud Steam Proof METERS 








VOLTMETERS... AMMETERS... MILLIAMMETERS... 
MICROAMMETERS ... WATTMETERS...BOTH AC AND DC 


Now, you can get HICKOK precision and dependability 
in a new line of hermetically sealed meters. Available 
in 2144”, 3140” and 4)4”round styles. Dimensions of 
American War Standards Assn. Drawings C39.2-1 and 
‘C39.2-2. The 414” size is built especially for use in radio 
service equipment where several scale arcs are required. 

All instruments are hermetically sealed and both 
vacuum and pressure tested under water. Case fabri- 
cated of pressed steel and made corrosion resistant to 
meet specifications. Terminals are a special glass 
soldered-in type. 

All meters are fully shielded, permitting use on 
either magnetic or non-magnetic panels. Operation 
is accurate and dependable even up to 85° centigrade. 
Internal pivot construction in D.C. types assures 
longer life and greater resistance to shock and vibra- 
tion. Write for further information today. 


THE HICKOK ELECTRICAL INSTRUMENT CO. 


10519 DUPONT AVENUE - CLEVELAND 8, OHIO 


\ PRECISION CALIBRATED . . . LASTING ACCURACY } 


~ 
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Air Express solves his problem — for 5% of selling price! 


Maybe your business isn’t like this. 
Maybe it is. A lot of them are. Anyway, 
here’s this jobber’s story: 

He stocks a standard line of preci- 
sion bearings—a big investment. If he 
had to carry all special types and sizes, 
his investment would run into a night- 
mare of high-cost slow-turn “specials.” 

So in order to give 100% service, 


what does he do? Simply this. When a 
customer wants a “special”, the jobber 
wires the manufacturer and has the 
order shipped Air Express. Same-day 
delivery is often made on orders placed 
early in day. 

Cost of Air Express? Only 5% of 
his selling price — and on goods he 
doesn’t have to carry! 


opecity Air Express-a Good Business Buy 


The inventory of any supplier in the nation is within a AIR 
matter of hours of your business when you specify this MILES 


fastest delivery service. 


Shipments travel at a speed of three miles a minute 





2 Ibs. | 5 Ibs. |10 tbs.| 25 ibs. 





250 | $1.04 | $1.25 | $1.57| $2.63 





between principal U. S. towns and cities, with cost including $00 | $1.11 | $1.52 | $2.19| $4.38 


special pick-up and delivery. Same-day delivery between 
many airport towns and cities. Rapid air-rail service to 





1000 | $1.26 | $2.19 | $3.74) $8.75 





23,000 off-airline points in the United States. Direct service 2500 | $1.68 | $4.20| $8.40 $21.0 


to scores of foreign countries. 
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RESS 


GETS THERE FIRST 


Write Today for interesting “Map of Post- 
war Town” picturing advantages of Air 
Express to community, business and in- 
dustry. Air Express Division, Railwa; 
Express Agency, 230 Park Avenue, New 
York 17. Or ask for it at any Airline or 
Express office. 





Phone AIR EXPRESS DIVISION, RAILWAY EXPRESS AGENCY 


Representing the AIRLINES of the United States 


to 25°C. To make a measur 
of air-dry soil is mixed 

weight of soft water, shaker 
or two, and the coarse parti 
settle for a few minutes. S 
poured into a clean vessel, it , 
checked with a thermometer, t 
ture compensator is set to th 

ductivity cell is dipped into th« 
main dial turned until “eye’’ s} 
whereupon the specific conduct 
directly from the scale. No cal tions 
necessary.—Industrial Instrum: Ine 
Pollock Avenue, Jersey City 5 































Sine Bar 
New sine bar is announced 

comes in the folloy 
1”x 54”x5” and 1”X1%”X5”. Bot 
available in ground surfaces ar 











surfaces. Bars are thoroughly norn 
by both heat treating and by being 
jected to freezing processing temp 
below —100°. Illustrated is Scherr Sine I 
on optically polished “Opti-Flat,” the né 
Pyrex brand glass surface plate Geor 
Scherr Co., 200 Lafayette St., New York 
ee 
































5-tube Air Gage for 10-point 
Inspection 


New high-amplification 5-tube 
aire” is announced as “an outstanding & 
ample of the almost unlimited pi biliti¢ 
of air gaging.’ Five tubes, each « bli 
providing an amplification of 18,( 
000 to 1, are combined in one i! 
to check ten points along the 
surface (1%4” diam. in illustratior 
part being inspected. Tolerance at ea 
point is +5 microinches. Out-of-1 ines 
taper and undersize or oversize 
are disclosed. The part is checked s 
by placing it against the left side 
rotating it through 180°, this op 
multaneously checking five points. 
placed against the right side rail gal 
rotated through 180°, which give sim 
taneous check of five other point I ng 
ten carbide locating pads at bot 
both sides of gaging slot serve t 
locate the masters and work part 
and maximum fixed size master 
to set up “Precisionaire.” Cent 
transparent slide is used as re! 
this setting. With maximum siz 
gaging position, orifices and ail 
each tube are so regulated tl 
floats are at the same horizont 
same method is used in settins 







ANS a ARRON 


Unique, simplified, 
rugged construction 


; ximum and minimum tolerance 
its are indicated by lines on the trans- 
rent adjustable sight. This sight, in con- 
ction with calibrated scale, enables op- 
tor not only to reject defective parts but 
classify acceptable parts as desired.— 
field Corp., Dayton 1, Ohio. 


High-power Triode 


Yew high-power ‘822-S” triode with a 


quency application limitation of 30 Mc, 
designed for peak performance in all RF 
ices, diathermy and Class B audio, is = 
able also in induction heating applica- 


ns. It will furnish up to 1 kw. of audio 
tput in Class B (in pairs) at 3000 volts 


i 0.5 amp. on the plates or as low as 400 ag 
s audio in Class B with 1500 volts at | 
99 amp. As a Class C amplifier (tele- : : 
me) its maximum ratings include a Pr cS 
| Og He 
0>?.. 


yutput of 405 watts with 2000 volts 
ump. on the plate and 13.7 watts 
iving power. Under typical Class C 


elegraphy) ratings new tube will provide Resistance element entirely sealed. 


No separate lead from resistance element to terminal. 
Standard terminal and mounting arrangements. 


Physical dimensions practically the same as standard 
impregnated resistors. 


Both resistance form and protective shell are 
ceramic. 


Resistance element, winding form, and protective 


JU ST 0 UT 7 shell form one rigid unit. 
a 


Rugged, rigid construction allows rough handling 


This new Shallcross Engi- without danger of breaking seal. 


neering Bulletin “R’ gives : 
Sulll Aetillin enn Ghiatienien Siete, Resistances from 1000 ohms to 10 megohms non- 


Ohm Resistors including styles inductively wound can be hermetically sealed 


designed to meet Accurate without difficulties due to leakage. 
Fixed Wire Wound Resistor 


Specifications JAN R93. Low tolerances, 1% or less, are standard. 
Write for details! 


SHALLCROSS MFG. CO. 


DEPT. IS-85 , COLLINGDALE, PA. 


ENGINEERING + DESIGNING + MANUFACTURING 
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introduces... 









*Instrument Rectifier and Balanced Resistance net - 
work all combined in convenient plug assembly 


Here is a brand-new development by Conant 
to meet the demand for applications involving the 


balanced bridge principle in AC operation. 


. Example: The conversion of standard Wheatstone 
; bridge instruments to AC. In such applications, 
the AC accuracy and performance are equivalent to 
\} \ DC operation on the same instrument. Null 
j \ indication is not affected by temperature, frequency, 


, wave form or line voltage fluctuations. 
\ This is but one of the multitude of uses for 
j \. _BALAC (trade mark—patent applied for). 


\ 
b] , . . . . . 
} Write or wire today for detailed information. 







Instiument Rechifiers 
ELECTRICAL LABORATORIES 


6500 O STREET, LINCOLN 5, NEBRASKA, U. S. A. 















20 Vesey St., New York 7, New York 2017 Grand Ave., Kansas City 8, Mo. 1526 Ivy St., Denver, Colo. 


85 E. Goy St., Columbus, Ohio 1212 Camp St., Dallas 2, Texas 4214 Country Club Dr., Long Beach7,Cal. 
600 S. Michigon Ave., Chicago 5, lil. 378 Boulevard N. E., Atlante, Ga. Export Div., 89 Broad St., N. Y. 4, N.Y 
1215 Harmon Pi., Minneapolis 3, Minn. 4018 Greer Ave., St. Lovis, Mo. 50 Yarmouth Rd., Toronto, Canada 
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600 watts output with 2 
on the plate with a dri, 
watts. Hlectrical charact, 
~10 volts at 4 amps.; A: 
—30; Plate dissipation 
electrode capacitances: grid 
grid-filament: 8.5 mmf, pl 
mmf; Maximum overall k 
mum glass diameter 2%” 
50-watt; Glass-Nonex: T 
(Class C telegraphy) : Plats 
Plate d.c. current—300 ma 
rent—51l ma.; Grid bias d 
190, (from grid leak of 37 
supply of 100 volts plus a eg f 
ohms), Plate dissipation—15 } 
output—600 watts : Driving p 
—Taylor Tubes, Inc., 2312 | 
nue, Chicago, Illinois. 








































Rough-finish Pick-up for Surfac 
Analyzer 


New Rough-Finish Measuri: iy é 
meet the need for checking 
surface finishes and wavines 
glass, plastics, plated and | 





torn Re 


rials. Owing to trend towards 
specifications and tolerances, parti 
turned surfaces, new Routh-Surtf 
alyzer is said to make a perfect co 
for the original Brush Surface 
New Pickup and Drive Head 
measures irregularities from 100 
microinches, peak to valley. It thi 
use and range of Brush Surface 
from 1 to 3,000 microinches. Brush ! 
ment Co., 3331 Perkins Ave., ( 
Ohio. 


Portable Current Transformers 

New “Types JP-2, -3 and -4 
current transformers are highly 
and may be obtained as multirar 
“Type JP-2” is also available as 
range unit. “JP-2 and -3” meet ac 
quirements of ASA 0.3 accuracy 
burdens B-0.1, -0.2, and -0.5 at 
Both units, of through-window-t 
struction, are suitable for laborat: 
ard work or for field tests. “JP- 
supplied with a primary winding, 
is a hole in the core through whi 
or conductor can be passed. Hows 
is a tapped secondary winding, a! 
nals on top of case are all second 
nals. “JP-3" is designed with a c 
of wound-primary and through-p! 
struction. Ratings of 100 ampere 
low are obtained by a wound-pri 
terminals on top of transformer. I 
a conductor through transform: 
once, 1000- and 1200-amp. ratin: 
obtained. Additional ratings ma) 
in both units by passing the 
through the window two or more t 
“JP-2 and -3” units are insulat 


for Surface 


not exceeding 2500 volts, but 
| over cables on higher voltage 
vided the cable is insulated for 
voltage. Cases are aluminum 
le black crystal-line-lacquer fin- 
cases black compound; leather 
indle is provided. “Type JP-4” 
is designed for highest-grade 
as a laboratory standard. It is 
primary construction with taps in 
il for different ratios. Each pri- 
(0.25 to 15 inclusive) is protected 
ovable fuse. Secondary terminals 
ed with a short-circuiting switch, 
vith a Thyrite protector to guard 
cidental opening of secondary cir- 
is enclosed in a walnut-finished 
ise; top of transformer is black 
ind all terminals are mounted on 
eter & Instrument Div., General 
Co., Schenectady 5, N. Y. 


Vacuum-tube Voltmeter 
Series 200A” vacuum-tube_ volt- 
s for voltage measurements within 
of 7 c.p.s. to 500 Mc. Features: 
west readable voltage is 0.05 volts 
iximum scale range of 0.5 volt. (2) 
Voltage Ranges: 0.5, 2, 15, 50, 150, 
full scale on a 4%” scale for easy 
(3) Accuracy, 2% full scale; mid- 
e accuracy is 5% or better. (4) 
ble probe to eliminate cable wear; 
dismantled for tube replacement or 
lering to tube terminals for measure- 
n the 250-500 Me. region; flat 4” 
brass terminals connect to input to 











“MEGGER™ 


GROUND TESTER 


The “Megger” Ground Tester measures resistance 
to earth of ground connections, quickly, easily and 
accurately. Simply connect the instrument to the 
installed ground and to two reference grounds. 
turn the crank and read resistance directly on the 
scale. Unaffected by polarization, electrolysis. 
stray earth currents or by the exact location or 
resistance of the auxiliary ground connections. 
Ranges from 0-3 ohms to 0-30,000 ohms. 


*“Megger” Ground Testers are invaluable for 
determining the nature of ground connections, and 
whether they are in condition to perform the serv- 
ice for which they are designed and installed. 
During the past 15 years these instruments have 
become standard equipment among many power 
companies, railroads, telegraph and _ telephone 
companies and industrial plants throughout the 
U.S. A. They are as rugged, reliable and simple 
in operation for ground resistance measurements 
as are our “Megger” instruments for testing 
insulation. 


Write for illustrated Technical Bulletin on 
Ground Resistance Testers No. 1285- 1. 


“Trademark Reg. U.S. Pat. Off. 
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JAMES G. BIDDLE CO. 2::33*®°#3" 
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MR 35 WSOODCMA 


Guaranteed ACCURACY 


Due to design characteristics and close control of manufacturing 
processes, Burlington instruments embody the following ad- 
vantages: 

PERMANENCE OF CALIBRATION .. . All DC instruments employ Alnico 


magnets which are known to be more highly resistant to shock, heat, vibration, 
and stray fields than any other magnetic material. 


FREEDOM FROM STICKING... . Clearances for all moving parts are such 
that the results of entrance of small particles as encountered in field service are 
reduced to a minimum, 


STABILITY OF OPERATION... All instruments are “NORMALIZED” 


after assembly to eliminate “zero shift” and other calibration errors due to ageing. 

Exceptionally high torque to weight ratio of control springs to moving element 
insures minimum error under conditions of shock, vibration, and other rough usage. 

Alignment of jewels and magnet core piece is such that the center lines of these 
parts coincide within plus or minus .002”. The design of the brass movement frame 
and components is such that mechanical tolerances are reduced to a minimum in 
assembly. As a result, jewel and pivot wear is uniform which reduces “frictional 
torque” of the moving coil. 


All series resistors and coils are heat treated and impregnated after wrapping 
to insure stability and long life. 


All ranges AC & DC are available in 242”, 32” and 412” sizes, both square 
and round, flush mounting. 


Engineering service furnished for specialized applications. 
No obligation. Write today for further information. 


BURLINGTON INSTRUMENT CO. 


201 FOURTH STREET 


BURLINGTON, IOWA 














PANEL INSTRUMENTS ¢ VOLTAGE REG 
ULATORS ¢ AUTOMATIC SYNCHRO- 
NIZERS @¢ FREQUENCY REGULATORS 
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make easy soldering to ¢ 
for low frequency work 

movable banana plugs a 
ter to center for use w 

(5) Mechanical Constr 
throughout; panel and cal 
(cabinet is dural.) ; sub-: . 
spaced off the panel by 5 to 
servicing; all components 
sub-chassis. (6) Electrical 

Circuit: finest components 

year guarantee. No diode i: 
Plate circuit rectifier type 
higher input impedance at 
No shorting or input probs 
zero adjustments. All zero 

























€S availa 
frequengj 
required 


Stments ¢ 
made once and remain co: nt. A by 
adjuster is available to m unit us; 
without heating-up time. A filament 
plate voltages are transformer ang 4 


regulated. (7) Built-in Calibration Volta 
all units have a jack which ; ; 


1uCceés Q cq 
stant 6.3 volts for standardizing This 
the regulated filament volta (8) $6 
tivity can be adjusted without Is in ey 


tubes are replaced in the field. ‘Series 200 
will operate satisfactorily 
source from 95 to 130 volts ne vi 
surges are not observable di 
mensions: 14” high, 944” wid« b 
Televiso Products, Ine., 7466 ving 
Road, Chicago $4, Illinois. 


Special Blocks, Vees, Parallels, ¢ 

“V Blox” are now available in spec 
angles and “Magne-Blox” are now avail 
in special sizes, shapes and forr 
to individual specifications. 





standard sizes of “Magne-Blox 
parallels, “V Blox” and angle iror n ng af 
be made to conform to the mas 
spacings of any type chuck. Il 
various “V Blox” made to spe 
and heavier parallels produced t lividy 
specifications.—George Scherr C i 


fayette St., New York 12, N. Y. 















Non-inductive Resistors 


New “Types RL and SL” nor 
resistors, specifically designed for 
light weight and compact size 
tant, function under adverse 
conditions and may be subjecte 
overload without premature 
Accuracy is said to be retained 
the life of the unit. Each resist 
jected to a voltage breakdown té 
times rated working voltage. 
non-hygroscopic and all connectic 
sulation are designed to elimina 
ordinarily occuring from elect: 
leakage. “Types RL” are rated 
Max. res. 500,000 ohms. Size ™% 

















